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This study considere.d. the· eff-ects of lot s-ize and. :i..t~.bor force 
disposi ti,on on the i-n~P.roqes,s· inventory· investment of $.11 actual 
integrat·ed. cl_:rcu:tt· _shop.. A simulation model written .. in GASP II 
includ~$ such_ sh.op. ch:a.ra_c,teristi cs as: '1) product· cyq·)_~:Il·g o~ tlle 
}'..qt·: s_pl:ittirig._ f-or ::r~w-ork :·requirements, 3) it1.-.pr·ocess yieldS -taken 
.•. 
. 
. 
from .shqJ? ope:r~t:ing data, ,_and. 4) a workfor.ce :which is :divi.de.d. i-ptcl 
five ·1.ab·or se.ctiorts. ·This :model_ in:cl.udes lab.or· ·constraints as w:ell 
as ·machine const·itai:nt,s. 
-strained range ·1ed, ·to· the :conc:llis-ion. 'tp:~t lii:gber· lot sizefl re.stl.l:t 
.in a lower· in-p·roc.ess :i.r1ve.ntory inve~tment in ,the shop.-. .. .One addi..:. 
tiop:al._ -~~eriinent with _a lot size, ~b·ove the upper :phy·s:i·cal bound 
., 
in the :siz'e c>"f ·th_e w.ork-f~xrce {wn_il.e: ·mainta:ining -an approximate leve'.1 
. 
labor uti:Li.-z-at-ion in all sections of the $.hop) yields comparable 
results. A large decrease in in--p·rocess· it;iventory investment is 
c.>b.s·.erved for all labor configur:ations studie.d in the labor disposi-
·tio:Q. experiments. The m.ajor at.fference: ·in results between various 
.labor conf.igurations. is the le.ngth of ·time required to achieve the 
• • ' ' I 
., 
· equilibrium .inventory level. 
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CHAPI'ER I 
INTRODUCI1ION 
'· 
As product·,ion -shops become more· complex, the in-process inven-
tory require~n~-s: to. m.aintain. ef.fi-cient operation become more 
/ 
" difficult t.o dete.rntln.e. ··Typic·a11y, different industries have 
' . 
different produc.t:ion .go.als. Maxi~ -uti.lization of resources may 
may b.e ·most i-mpo.rt@t· ._i-n ·anothe.r·.. ·E:,fforts: to ·maximize utili_z:~td.on: 
o:f both· Inachin:es. an.d labor will ·t,end ·to increase in-process, 
T_he tll_t·i·ip.at:e o.bjeoti.ve: in b.oth c:ase.,s· .is :mee.tiing demand 
.. · ·. 
,s,ystem pe_rformance in one of twt,: ways-. If the wor;k-1.n-pro·c.·es:s· 
IJJ;Yentory l.evel is h_i,gh. ,, ·t·h·e prod11.ct th:roµgn:pu~- t:inie ·is: h_igh due t:o 
[14,] t .h · .... · -·· ·t···, ·• -· ._- · r· t. ·h··. t· · - · · · -• 
_ e .CO!,lg~:s: ·,1.on :O . - ·- . e sys .em · • Conver.sely-, i~ ·inventories are 
too low v~~r~ doe,:s -riot flow. smc}othl:y: throug·-n. th(= sh·op. This mav . .. . ' 
.., 
result in t·he :i.n.ab:tl:ity ·td :me.:e.t, d~ip.and.: due .t·o. :an .increase in ·the·_, 
The ·in-process inventocy-· level. ·of a ·shq,p __ • cflrl 1:)e· aff.e··eted by 
~--vi, . 
-many operati!lg parameters.. ·some o_f. t.be.se.• i:nclude ,:. 
1. · Product de·mand 
•. 
2·. ·J>roduct starti!1g rate 
' ... 
: __ o .. 
-.J• Product type 
· 4. . Product value 
-5 •• Production line le:rigth 
. ' ;· 
,: . 
• • • • ' '~u -· 
' ·- ',: ,. -,, •,. _, . 
. ,•.! 
,. . 
-
. ·· .. 
J . 
. ' . 
' 
··- -----·-
' 
Ill,, ' 
•: ,' 
·.,. -;' ' ' • ~l ' • 
·'1·· •. 
I • 
., 
' ' . 
,. ' 
, 
,. 
,. 
I 
' 
.... 
.. 
'.:__,,,.,, ....... ········~·-·"·"" ........ ~--,_,...,.,."i>,t .... ·h• ... ,•-, ...... ~.-- ................... _.,.,,----··"'·'••;, . '~--··· • ••. •••. ,., .•. _ .• ,. . 
. 
... •,' 
6. Number of :machines fo:r each- ~~rv:ice f'acili~y 
.. 7. Shop labor force size 
8. Allocation o:f labor 
9. Start·i~g·_ lot size 
10. Queue discipline: 
:p_;roducti·d:ri" lfn.e ,O_rgani.z.at:i,orfS ,. 
A_ _gr¢·at -deal. ·o:r· :rese-,ar.ch has- bee1t -di~ect.~d. at ·the determination 
o,f :ppt·ima.l lot ,size:!3-. Im ;_i_nitiai article· which preser.ited a deve·lop_.;.. 
lllent ·of t·he- .~co:n:omi:c lot siz.e fo:rirrula appeared. in the lite:rat-ure in, 
· 1927129] .. Tlle b asi.c :f'¢irIDJlla1 assl.llllErS l;l!li t'o~ demand ~ eon st ®t j_n-
ve nt:ory ,.cost::S: f'.o:r: t:Ul. _proc}qcts:, -c"<,n·stant :s-¢tup c·osti~: for, ~1i, lllachines:,, 
and un.li:mited resources, Pa:r•son•sJaaJ incorpor.~ted limited annual 
.iny.ep.tp.cy· investment ar1.d ._1-iniited .fioo·r spac·.e re.s~ri-ctions-· ,.:into: t.he: 
e.-cqriom:L.:c lot s:i.z·e· model. Other .j_ifu.i·te·d. .res.our·ce:s ,. such as labor ·and 
-machines, cre·ate additional .p:rob.lelllS :iti the: g~yelopment of ·an · 
optimal io.t .size model. 
·, 
:-invent-c;ry ,· ·1t. :can. by :hn>othe-:siz.ed th.at, t,he.re exists a _l:ot- size. whi-ch . 
simultaneously mi_I}·intlz_es_: i·n-p·roc.e·ss. inv¢ntory -and fulfills product demand, 
However, an alterec;i lo.t:, .size may ch~ge the 1·a.bor force requirements 
to maintain ade_quate operating efficiency." ''.L.~bor reallocati·on. and/or . . ; 
... ~ . 
... 
1A deriV~tion of. the basic formula app¢a:rs in Chapter II. 
. . 3 . 
\ . 
. - . t 
.I. ' ' 
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·~ 
a .ch~ge in the s:i·ze :of the labor :fo.rce may be require.a· to avoid con--
gestion in the ~hop· .and to prevent llllde·r-utilization bf: ·1abor • 
.. This study will. ·be :concerned with starting lot -s:ize:, <:>pti.mal 
. labor· allocation·;- and labor force si-ze for a shop i.nvolved in the· 
manufacture ot integrated circuit,.s .. Unlike most previous res·ea.rch _, 
which l~ge.l,y .considers sma.I.l bypothetica+ ·sppps of two t·o ten 
machines:, t·bi$ study wi:L-1 d·e:·al with a .real shop eny:tronment con--
si$t.i.ng, of ·6.6. -f~ci-lity c:enters.. ·w±thin· each ta.cility center, on~ N. • • • • ~ . . 
;. 
• or more :fcl:~n~:Lcal. m:achine:s :c~. b·e uti·liz,~:O.· to .. Pe.rform the work: of 
·the cente:r. ·The , shop :Ls divi:de·a int 9 _five. se·ction·s , with -a ·homo-
. :&en~6us work force assigned' to ea.ch sect·ion. .(t .. e.,. a 1·ab6r~r :t:s. 
·equally·· efficient at any facility center- w.-it.b.i:n :the· section).. The: •. 
.• 
line Ul];der study G~ J)e ~ .. lassified as a quas-i-flow· shop· wit:h 
Cyc1:i:ng[27 l. Prodl,lct lot.s .t:JXe s~d to ,cy¢1e in tbe shop if t}ley 
·thi-s :cycling ·cha.:r-·acteri·st·ic .• 
:1. ·update and .,r.evise a. ·machiJie constraine~ mo.d~.l: develop·~a 
· · , . . '•. [27·.J by J. W. 0 Leary and D.: D. Newhart - to i-n:clude l-~b_or· 
.• 
constraints. 
2. Validate the model on pr:e·serrt· shop 1>'erformance statistics. 
3. Experiment with lot sizes whi:ch are within shop constrainttt. 
The same demand is met by alte:·i~g the number of lots started. 
, 1-.. · Examj ne labor allocation and shop_ labor force size . in an .. 
·, 
·I 'r 
I . effort to optimize sh:,op :performance • 
I I. 
...... . ', ' 
I: ... _., .. 
. . ' 4 
.. 
.. .. ~-
_ ,,/ c' J.' l • 
! •• '.,' 
. . ' ' ,,' ' 
' .0 I ; ' ;r" ' 11, ,I.',.,•-.:,' -' ,, ' 
• t ,· '•.1 ":,_· ··.' ' ' . 
: , : ; . 
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Previous research, which has dealt _primarily with optimaJ. lot 
size and optimal in-process inyentory ·.level determination, and in-
herent problems associated With these prior approaches P will be 
:dlscussed in. Ch:a.pt~r -I.I~ The.- -mo.de1 des(;!ription and experimental 
.. 
~es_ign procedure appear in Chapter III. Analys_is of -expetimen.tal 
results and areas ·:for· fut-ther· research :rorm the basis ·for the 
. . . -- ~ . ~ ' .. 
discussion· i_n ·Cli~pt:er-s rv ·_and v. : ·,. •,' 
>· 
.• 
.. .. · 
,, 
·• 
', - • ~. I ,: ' 
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' -··sIJRVEY.·oF ·THE_ 'LITERATURE. 
Analysis ,ti'.t i·n-i:,-rocess inv_e_ntocy levels in a ·manuf~cturi.ng en_vi·ron-
ment has been given.: s6in$:. attent·ion .l·:P.. tli.e. Ii terature. However, given 
the obviou~ ·~conon4c t.111plic:~t·i:_on.s:: ·o-t exces·s in...;.process inventory, it is 
determining: an· o:ptimal inyentocy po_ntrol IJ1ecl1an.i-sm h;as generally :re·-
', 
s,iate(f. lU'l.i,que_ solution. .. ~- and m~y· explain the I:intl ted research in this 
-a:r.e-~. The problem h.as· b·een -~P.pro.ach_ed analyti:cally, though th.e analytic~ 
.. '· . ,. .. 
:The. pro'b-1.em has als·o been: ,approached through the te·chniq1.1e .. of ,digital. 
s.ystem ~:tmuiat.ion:, ~- metJ19d whic·h is gain·ing r.eGqgnj.:t~on p:rimar.ily due 
·t·o its· adap_t·ability t:o ·problems which have re·si·st·ea analyti.cal solution. 
s·o: that: the· co;mb,ined.- effect·s of ·delay, in~process inventory, and s·t:orag~. 
·I·. 
' 
-- .s_p·a_·ce coats are .. m.in-i:ntlzed. ·This analysis yiel.ds: :a ·-·measure of the max~ 
imum inventory ·le·ve.l :at .any: work facility·, and thus yields a measure of 
the maximUlll aggrega.te· 'inventc;,·:cy- Cl;l,]?~Gi·t:Y of the product-ion line. This ap-
proach is la.r,gely. :in:ade_quat:e:)· however·.,. s.ince an_ optimal store size doe.s not 
n·e:cessarily lead to maint.enance · -of an optimal inventory level. 
Previous research concerned with determini~g optimal store size 
generally considers one :"of' the followi!).g three conditions in a production 
•... 
line: 
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1. ~o _storage permitted betwe:en facilities. ' . 
•,~, •. Infinite stor_age permitted between facilitie:,s .•. 
3. Limjted stor_age permitte.d between facilities'. 
~ently, tho:ugh it i·s ~~+efir ·th.&t mai,ntenance costs for .l:a.rge stor_age 
bunkers become pr.0J11bit-i.ve in real'i'ty. While no ,stor-age is de sir.able . ' 
~ . ·• . 
(b..e.cause very li'_tt·1e .capi,tal .is uavested), l'ab·or: :~·a- .facility idle. 
t.i:µie may be ·c:ostly-~ In most m.at1u.f'itct:ur~!J.·g. :·:env:i:r.onmen:-ts>,.: l·i-mit.ed .. 
sto:rag_e. offers the most satis::factqr.y s:olutiort-. 
Koen:i.gsburgf23J has c()nd,en$ed. a. :review of ap.a,J.ytical methbdS 
available_. t·o determine an· :qpt.:imaJ. st.ore siz:e.. ·moe 'ln:ethods :p:resenteci. 
are:_ 
1-. [ ' •]' ' 33, . . • . '. ... . ' ... ' ·, . -· - - . . . . ·,-· .' . . .. :·· . .· '·.·'_ .·'. . .· .. Vl:·adz::Lye.vsky'·s·· . , · LQJ3S· Tran:s·fe·r· ,Met·hqq._ 
P •::. :Fin.ch • .. ·s St·ochast.! c· Met-hod.. 
·I 
,' 
-:ot t:h·e _an.·&].yt:i·.cal. me:t.ho·ds':-,. t·.h_e qµe:ue. m:ode:l 'appears: to be t.he_ .. :most 
. li'urther .dis-c~_ssi:on; :of the method ·may :b.e toun·_d j}n many productior:i 
theory te;xtbooks f 4hIIl] '[lB]. The quE!uing theory li:PP?'oach led to the 
development of simulation modeJ,s by .AndersonI2J, BartenL3J ,:FreemanJl3) 
and KitterI22J • 
Sim.psonL32] considers the quest:i.on of ba.1.anci~g total inventory 
~ilve·stment among: the· various in-process iny.entory locations along the . 
. .. 
line.) The basic objective was to determine whether two particular 
st.ages of a unique manufacturi~g process should be separated by inven-
tory. An n-st_age system, as defined by Simpson, is; show in ~iglire 1. 
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fi_ll~.d w.ithin a s:i:>e-c:i.fied Jrericrd of time. This peri,on is called the 
S ·is equal to :ze·ro Wl·de.r the ,n 
·as·aum.ption. t,ha.t cu.:st:ome:rs ·will· be :se.:rve:d :in.stantaneous·1y. The :pro--
cessir1g-.:_ tJ.me .for: th·e i~h. op·.:e·r:at.i·rig. :: @it ( 0-. and. ·r. ) is· T. • The 
.·. ·1. .. ·:1..·· 1 
.. . . . 
. 
:· . ~ 
:as we1i ~s the: actual ,mapufa.ctu.rin~ t_tme: .recftu·r~d to ·pr.ocess t-11e: 
articJe;, , The J.e,a4 time ,i:i;t the ith sta,ge is d,1:!I'ined by: 
L •. :::;:_. S:._._. 1. + :T .• ·1 1- ·1. 
A ·ma.tltematicaJ.. <i~vel--opment of the: cost furrction for the: itnven·.~ 
torie:s .. _leads: ·to a. proof o:r the :rollowing· theorem.: 
·
11For_ an optimal system:, tne service time for eve·ry 
non-vanishing inventory is zero. Inventories are 
either full (containi~g a base stock sufficient to 
satisfy maximum. expected demand), or they are empty (implying no inventory is ma.intained)." 
Altho_ugh the or:;iginaJ.. ·intent of Simpson's research is novel, 
the final resaj_t lacks or.igi:nality. The. general question answered 
is how l~ge in-process inventories should be for opt.imum operatip.g 
. ! efficiency. 
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Economic Batch Sizes 
Some of the early work :in the ,devel:opmen~: c,f the economic lot 
size formula vas done by G. Pe!lllin•gtonl29 l. This development m.ey be 
contro,l. ~beJCtboo~s and will be briefly 
• .1-,. - I~ 
In a. production lin~, ·J?rO..ducts· are p_ro·ce.:ssed in bat.ch lots of: .a: 
~given .. ,s.i.ze., with a .lot:, s.j;._ze· ·-r·an-ging ·:fr·om one J;,art ·to t·he· t.ot·al demand . ., . 
. . 
for a product in a. givetL ·pe_:rfi·oa :of time. For· a.. mult·.i-p;roduct pro-
duction line:, t:he batch ~j_:z_~s :f:nf'lue't1ce t1'1e· ·proti:tal:r~_l1ty of the ·1:i~e 
_goo.ct~ ·fnventor-~:es. A large b.:atch- size af3sllres lower unit setup C'Osts, 
but .als.<J produces h_igher ·uni_t s-t.or:~~- .CO$ts-.- ·Conversely, a small 
batch s·i--ze· tends to minimize -iln:tt- _qt:or_age ·c.ost_s .. , but resul.1/s .in. 
h_igher unit $etup costs. The tr..adit.ion~l Q.:pt.imal lot ,$1-z:e :ts· th,at 
which minimizes the: tot·al_ ·of cost~ .incurred in :;;etti!l.g up: for ··pro-
duction and the c9$t of hold.i:~g: f:i,;-nt·sh.ed goods witil they· ar.e .sold.: 
The follc,'Wipg der:tva.tton appears ±n Holt[l9J; 
I.ettin.'_~-·. C. be: th·e $ ·.. . 
Assinnip.g uniform demand,· the aver.age in .. ~·~·ntpry, ·is Q/2. · · ( See 
~gm;-e 2) • .. 
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Inventory 
T = Q/D 
Q 
/ 
.... - ---- __.. .. -- . 
Time 
" tr- c:i :i:s_ ·the. .cost , ·ot· ·st·ori~g .q:ri~' unit. :for Ji -pe_ri.-od: cYf· time , the 
--~ve:r.:a.ge invent:ory- cost pe.:r.· ·upit- of ·time .equals<-:: 
I 
:d = c: D/Q .+ c: .•. 'Q/2 
.-. ···s - ·- 1· ' .. 
·t:he: derivat·ive ·of cost ~-qual to ze:ro. 
~-
._, 
The lot size: :Cl* which yields the minimum cost is thus given by: 
.Q* = 
2C D 
s 
C ... 
1 
1/2 
,. . . 
•. ..l _,_·; •. ; 
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It must be noted that this formula requires that C. and C are 
1 S 
.:.cao1.1stant over all products, or that only one product is bei_ng produced • 
.Also,. it requires that D is :u;niform, and that setup costs do not vary 
'from ·ope~atiol) to operation~ 
. Several problems arise· i_n: :a: ·.n.aive applicat·ion- c,-f ·the ·:~conomic lot. 
size formula. Considerab·ie. time· ~.q. effort :.:tnUst b·e ::expended. to ~eter.--'. 
.,_mine the c.osts oJ' settip,g: :up:- .to):- production.,. and t:he· cost.a associated 
·wl.;th hold.i.:ng- bot·h -i-n-process and finis'he~- goods: inyepto:ries. Ad-
";" .... .r-
.. 
d!.tionally, in an integrated. ci:r.ciµ.t eny:i.ron:ment, t]J.e· number of stage:s . . 
. 
. 
. . 
·of ·-producti·on :t·s· 1-a.:r_·ge, and: ·yl~liq. b~·coIJ1e:·s a.. criti_cal factor _i'n the 
. 
. . 
:in th·e t,raditiona.J. e·conomic lot. size. forµrµl.~,. it.s use :i.1:1 ·thi.s ._en:vir:o.n·--
ment· :is Slispect _. Addit-io:naUy_, for ·eacb lot :size·· :ch:fl:11ge, ·the :in.~ 
de.t::ermine. :tJ1e: n:ew unit ho1dirtg =cost-_s for tb.~ i.nventory. Mathema.t:i:-. 
. . . 
. _c:1tJ l :y. ,. a: c·Orid.i t :t.on of ·two var,i a.l:Jl_e:s= arrd. on:e equation result:s: in many 
solut·~on-.$, renderi~rg. the :simple ·EoQ formuitt inadequate fol? ·an:a.:I..ysis_ O:f. 
t.he- :int~,grat.ed. Gi'rctiit line-. 
··· .. • .. • .. ·. [28].. . .·. _·_ . .· .... 
.J?arso11s ·- has extende~ the cl,ass_,i·cal i-nveritory moclel· thrqugh 
the. U·~e o:f Lagrange· -mult·i·plier_Ef -t.o inplt?-¢i.e.· the followi~g restrict·ion-s: 
l.. Only .a limited :n~b<::~· :o:f annu~l :J~e.-tup hours are permitted • 
.. ~ .... 
. . 
·2 •. An upper limit- is pl,ace:.d. ·on the t·otal inventory invest·µi.eJit .... 
..... . ~ . 
3. An upper limit is· pla.ce:·d ,.ori the n1Jlllber of production ;runs 
each year. 
Ii. Limited floor space.:.f'or inventory is· available. 
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The result·s: o·f ·Par:sorist ·re·se:arch ·y~e4d_ ~ ·.1.ot' si.-ze equation associated 
. ·. 
with ea.ch c.onstraint. T.}l.-~ ·e.011's:tra.ined. Idt · size equations are. given 
..L - ._ ..,,.. ,. . .• 
. as ·a fu.Iiction'-·t>r the uncon.strained ec·ononrl.c .)_at size. Parsons diq. not 
c:on;s_:i.<ler dual constraint.s, however, Etn:d· allowi-ng· two :or more of the 
, 
-abo·ve· re.strictiqrJ:~, t.·o. b·e simultaneously -a~tive ·would ·1:,e· a., natural 
ext.enslo~ l'or- _oon:st~Jta-ined EOQ research. Alti-19:ugb .Parsotrs·' resul t_s 
SO\ci.ate.d ·with th.is pa.:rt:icular study· ·still remain. 
]?zielinslti 5 Bak.er, Gomor.y, and Manne [BJ,f9l,flO] c.onducted 
. ,. :• 
. 
-r~J~earc.h de_a.li:ng with· the ecopom.i:c plannip.g o.£ lot sizes, wort -fo:r.ce' 
·.aii-d: inventor:Le.s-. :The· ·cqst::$ c·on:S'i,d.e-:r·e.d ·we,re: set··-q.p :cc.,stts ,. .ftnis.hed. 
... . ~ 
go·q.ds: ·ancl i_n:~pro.ces.$ in.vento:ry ·cos:t:s:, sh.ortlige Elnd ato.ckou:t co~t·s ·,. . .. . .. 
. .. 
.... 
t~gular and overtime ·c.ost.s ., and. n..iring/.firi!}g c.ost:s. The· stu~y 
the.- .component ·part's :over ·a .m~ti·-p.erio.d hor:izt>n. A. c.ompari·siori made . . ,-
. 
. I 
between the. L·.P •. approach .and the' :EOQ_ me.thod for lot- si.z:e d<;termi-
nation clearly fayo:r·s: the: L·.P. tec-bri.ique in achiev:i~g lowe·r t.ot·al 
oper..a.t:i_ng· co.st:s-. Jloweve:r, ·tl).e ~esµlt s m:ay be: questiozred si~_nce: a 
inadequate :as.· a b·as:i_s for. gene.ral. in:f:'e:rerrc~:-· 
Altbo~gh t·he. method proposed by Dz.i-elinsk.i, et: •. -ai.- conibi-ne.d th.e 
effects of lot size and work force ·on the operat:i:D-g costs ·o·f a manu-
:f'acturi~g line, the formulation was directed primarily · at small 
production lines. Yield and ~n-process inventory value characteris-· 
. tics, inhe1·ent in the int~grated circuit line under study,_ were 
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·not considered in t.his approach. It· :is doubtful that these 
characteristics could be incorporated int.o an L.P. formulation. 
As seen· previ.o-usly, traditional appr.9ache:s to the problem of· 
optimal lot size in· a.. c'C>mplex manufacturip.g e.n:vironment ::h.~ve proved 
' / 
l~gely inadequate. In the particular shop· tind~~ :stU<1:Y, the 
followi~g problem$ were encoun.tered·:. 
lot s·iz.e • 
. 3·· ·ze.t~r yield i.s po.:ss.ibl:e:: ,op :s.ome.· ,l0t:a: •. 
·4. mt .splitt·i~g is n.eo~.s~·~ to· ·sa.ti·s::fy rework. 
requirement.s .. 
5. •. ·In-pkoces.s ·inve_.pt:ory value· is a m·aj.or c_o1tsiderat·i..op .• 
,;::•,,.:, 
·of a digi1ra.l ·s.im'Ulati:on: app:roacb t.Q., the pr ..o.b:lem o.f' det-e·,;-mi:ning ' . -. e. 
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CHAPI'ER III 
.. .. .. 
. ·sIMULATION- MODEL ·AND "EXPERIMEN°~.AL .. D.ES.IGN· 
• • . • 'M"• '' • 
Introduction 
The purpose; .of t·hi.s· ch:a.pter· :is 'to :p:roy:i-qe a detaile.d. eX!)lanation 
of the inte.-grat~(i: circuit shop ell-~acte'ri·stic .. s and p.olicies which 
are incorp_orated into t;he s--imulation model:. The chapter will aJ.so 
'I 
· ·include a dis·cussion o.f tl.1~:: pr<::>"c·edure·s---·developed to evalua.~e ·the_ 
;~- _'; 
effects on in-proces-s tnvent·ory o::r ·1ot, size and labor disp:o~:Lt:i_on 
in the .shop. 
_Model Const:ruction 
,. 
In. th·e development of· a s·im,:11.·ation --model t:o i:·ny~~t-igate the 
propertie·$· of an op:erati_~g-· syste:m.i, the :f'ollowip.-g: st:ages_ .. , as _defi1.1ed 
b ·.· ... H··--. ·1·· fl6 ]. ···· ·· b .. ·. d .• t··- ······ ·h. d: .y ·. ar. ·+·ng ,. may · -·e-: . i:.s-- .·.1:_ngm·s- e : 
'-1.. Reduction .of :raw datEi t.o .. an ~ppropr:i-ate· :form:. 
·3 .. '  
. . . 
detai:led .nor ov~_:rsimplified. ..A n.io.o.el with too much 
:det:tti;L. b:~:·come·~- i:ntracta.bl.e an:cl .prohibitively cl1.l:tllsy.; 
-wh1.1.e· overs_impJ..j_fiqa:£·:_ior.1 roay- le·ad tcJ questionable: 
. 
re:sult-s· due to a. :l~ck o.·f re:a.4:i. p:rn_~ 
'Conjun¢tion o:f'· data. ·anq _niode.l. in a s::amplipg ex.:periment 
.., i:ri" an effort. ·t·o q.iscover the response of the real system., 
to a variet·y· -.pf prescribed conditions. 
At each of these st.ages care should be taken to insure that the 
maximum amount of information is obtained- in the least time and at 
the least cost. 
... 
. •. 
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The integrated circuit ··model empl·qyed: i:n the present st.uay·· ·is 
a revised version of the model developed by Newhart [27] as Jllodif'ied 
by D. A. Ludvig[241 and the author. The main features considered, in 
tbe .model were those which affect lot movement thro:ugh the shop, 
I," -.,· • 
:waiti!lg times, mid :pr:ocessi __ ng t_imes at a fac·ility. The shop studi~cl 
consists of -five q.:istinct se·.eti·.ons :: dif.:fusion.,. phot·o~resist, 
. . 
. 
·· met al:i·=zat ion ·, ·'.~rort · and · me ·ch ani· c;a.l :irrsp<= ct. ,. .and. ele ct-ri cal prob:e • ' . 
. -· 
. 
The photo--re·~_ist section iJ:r :a,. cy:clin:g ope:r-at}.qri.:, ·:tnrougb which. th~ . . : ; 
. •, 
proq.uct re=cycles -aft.e-;r :complet:fon of· ,ope:~a.t:ions :in other sect:.!-on.~ •. 
:'Fhe. con:cept: 'Pf -cyclin_g: is 'illust·rat:ed, .i.n the: t~h·op flow di .. agram.- of 
;<1: 
'· 
·wafers .. : 
2 •. '.$0~¢. faciliti:e"s or macll.i·ne :c:ente·1rs. may -have two or IIi6r_e 
ho~ogeneous machine·s ·£or iproces·s±~1g {·in parallel). 
3 .. :Lot size cha.r.rge,:s throughqut.: the process (i.e., l.ot:s· :are . . . .. 
~;ub·ject. -to yielct!:l.). 
5. Processing times mar \1e: independ.ent of· lot .s.'ize: :as- ·well as 
lot-size dependent. 
:6. Lot splitti~g is o:ften nece-s·s:ary to .satisfy rework 
requirements . 
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7. After a lot split, that port·ion -of tb:e. lot· not· bei_ng 
reworked (.the "parent'' ·1ot) is delaye:·d. ·until rework 
completiop-.• 
.. 
8. A ho1n:ogen·eous work. for-·ce :exis·tis wit_:r.11..n Tach ·se·q:t·1on ·of t:he 
·J shop (i .. e. ·,. a.1·1 worker:s ass~gned to a. :sect,.:ton 111.ay ope:rat¢ / 
.9. Each w.orlter h·a.s .. a ·tlpec_i:fic se ct:i9.fl.: t.o wbi .. ch he i'$: _assi;gned •. -
11.. A. worke.r remains .. at a machine· uptil- all t.he· w9a:lt in- t.he 
qU:ene. i·s: compiete·d<, nnless: ·cent.ral contr·ol re_a.ss·_i_gnment: 
occurs·. 0 ·cen:tral. contr-:ol/' with·i-n ·t'l1e 1I1.od.e·l. -i·s .. t:d:m.p~.able, 
rtil.e :~mploye.d in t'.b.~ :se:etion .. 
'N:o JJ;1achine processe:_s. .mor.e ·tll~ .one job- ·at .a time ... 
·1:3 
. . . •: 
1·4., 
operation before the erthire·:: 'iot is :com.pie~ed.~ is -not 
-permitt~d •. . .. 
J •. 
An explanation ctr some of tb.e .above- as·sumpti.ons fbliows·: 
The term qua.si-flow shop wa.s a4c:,ptted by Newhart I27 ] to indicate 
that the shop has charact:eris~ics inherent in both a flow shop· an.d 
a job ·shop. Product rout:.i.~g: :in a pure flow ·.sllop is unique. 
' . 
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-·c..onversely ,, 1.~ a pure job shop , tlte: .:rQ11t:in_g of a- product occurs in 
a random fashion and many· ·pat:hs exi.st t:hro:ugh the shop. Most shops 
' in reaJ.ity a.re a. C!Qni.J)ination- .o:r· ·tb·ese two extreme~g·· and are thus. 
'te,-rmed quasi-flow. shops ii 
As stated previoµsly.,_ iot- siz:e is: c.ontinually de.c-reas:~:g from 
' the initial operaiffon. to 't_h_e fitial op¢:r~tion. This- .loss ·o;r yield 
:factor CBl'l, ·pe .a,ttr,ib,ut.e·d to) either en··g_i:ne·E!fr·ing in-process inspections_~-
whe,re defe:Jtive slices may be rej'ected., :or to operato~ handli~g, ·in: 
- "":' 
which, j_n,divi.dual. s:J.ii(!es. :c:,:rr .. ent-.i:re· lot~' may ·be lost through br~ak._a.ge. 
,, 
may incorporat:e both. types of ti·llles ,. -wbi.le oth·er.-s m~y only ht:tve a. 
s:·liee de,pe-ndent time. Ari ~:XJl.m.ple. o.f .an oper~ti_o:n ha.vi:r1g·· ·bot.h s·l}.c:~: 
allowi!lg a.it:ru.-si·on to bcc-tir-, and unloading ea._c.h f?.li-c·e. from the fur-
.... 
:conver.~~ly'.:, .. m~~Y :phot:c,-resi_st operations cqn·f>tit-ute· pure.J.y $:l_i(te depen-
·dent time,.s.: ·Th~se- ppe.ri:i.t:ions require an ~pplicati-011 o;r· .photo-resist 
' 
-material to each· :slice, _e:xposure of the .s.li.ce t:o .light. and inspection 
of t·he new patt.ern :f'or defects .. 
A:rte:r inspection, rework on a lot: -or a :Portion .of -a lot may be 
required. If rework on a portion of a lot is necessary, the portion 
not requiring rework is removed from processing until rework on the· 
18 
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The ·hom.ogeneous work fore~ .. in e·ach secti.on ·permits any worker 
within that section to work. on. any .machine in ·the section. A laborer 
becomes idle if no machine. or work iis availEibl:e .tor ::processi_ng. Each 
section of the shop maintains its crwn. wo~k force, :and. shifts of 
workers from one: ·s.e:c;:t,:ion to. :anot.he~ i.s prohibit.~4 wit.hirt a_. given 
eJg>eriment.a.l. cop.fi·guration •. Cor1sistent wit·h ·~ct11el. :s.hop: operation, V . ' . 
b.oundaxies if they beco:111e idle •. 
which i$.: .:not in:c1uded :tn the pro.du·_c:t.i:G:Q. wo,rk: rat:e:s .• .Absenteei:sm. a.is-c> 
.limits tn.e nuniber of laborers whic1J. ·a.re :av.ai1a.b::Le, for Pr.·pduct>i¢n. 
we>:rl~ (i.e. , e.:ffective laborers.).~ The 11umber ·of effe:ctive· .l.abore·r.s . -..... . .. . . . - ., . . .. . . . . . 
... -_.. . - .. -... 
va.r.ies by· sectioti·- and by .·shi.:f't •. .B·as:ed upon historic ·~h,op d~ta.; 
the number of ,a:vail:a"bi¢ p,r-odue·t.ive wo.rkers was incorporatea into. the. 
model as a r·a.ndonr va.r,iable (with. :known distribution)~ 
, 
:·qha~i:ge .occurs, ·or· until a· .cen.t.r.~1 dispatcher {the· sh·o.p foreman). 
·• 
.~e.,ass;igrrs t:he·. ·worker·_. This reass_ignment before all work in queue 
is c()l1lp1et.e·d oc·_~urs :~pproximately five percent of the time. 
The· present mo.d~·.1 is written in GASP II, an event-oriented simu-
lation language which \i,t1:lizes list processing for filing purposes .. 
. . 
. 
· [30] 
. 
This l~s-u:age was deve·loped-by P.ritsker • The format of the 
. GASP II l~~age requires the user to spe.cify certain event 
' 
.subroutines which describe the :particular application. Basica.JJy, 
' 
·' 
''· 
• ,; I ... ' 
l •• ~· • . • 
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·there are eight di.fferent t.ypes. ·pf ·event·s in tbe simillat·ion model 
employed in the current inve~t.:.i.g·ation. '.tPhe·.se :t.nclude.:: 
1. Arri val of a lot int.o: t·he shop 
:,2.. End of se,rvi:.ce on·. ·a ·machine 
3. End of se:rvice fo:r .a: lab.o.rer 
. 
:only on. tl1.e ·first two .. shi.,tt,.:·s •. In ·the .model. . t.en ··1ots of one hun-.. .. . . - . ' . . . . ·. 
. . 
. . 
•', 
two· shifts. .Tll~· arrival :rat.e · and, lot :si z·e· a.re :rnodel paramet:~rs ati·d 
. r. 
:c11J~ macti±ne. This.- .eve,.n"4 o·ccurs :unqE=:r two c:ondit:ibns:.. _.For :an 
' ,op·e·x·at.:ion· in w,hi;.cJ:f proee.s.s:·f:ng ti.me is ct)nipletely· s.:l..ice: .de·peri.d.ent:, . - . . 
' 
. 
.~ 
a.vai.labl·:e when :the service .· . . ·-. '' .- . ·- . 
- : . . . . :, 
.. 
. fa.ciJ.-1.ty completes processi·r,ig a lot:. ·Tlle :ae·cond condi.t~on , an 
f 
end-of-service on a machine only, is; as,soci.ated. with an operation 
requiri~g both slice dependent and .. slice independent proces·f>i~g. 
This event. generates ·tbe·· t·n.i.:rd event type, a ).al;>or end~of-s.ervice. 
In addition to perf'ormi~g the second and third event function·s, the 
end-of-service subroutine has the. ·.capability of checki~g the next 
operation for possible rework on a lot or port'ion o.f a lot. The 
20 
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appropria~e yi·e:ld :calculations are made and the lot is sent ·to the 
correct facility for rework. Since no external priority is ass_igned 
to rework lots> these lots are subject to que-µing :iA the 'USUaJ. m~ • 
. . · ' 
. 
The fourt·h event type, "clear", removes the completed lots 
f'rom the sink :facility and collects required stat.i.st.i(!s ·on each lot. 
The sink :f'acil:i.ty is a d111ocrzy- f~ci1ity· at· wh:i,ch co:in.pl-~t~·d lots 
comp:t;et.~a, 1-.ot-s- in tb:e $ink at _given time intet~-rvals rather·- than each-. .: . 
t:ime an 'individua;l l.ot :c._om.ple-tes servi_.ce.. This ·p·roce.·q.ure has abso-
--economi_ze ·on compute.r t.i.me. The t:>"rocedure uti.lized t-o c:o1l~.ct: 
statistics in th~ clear sub:rciu·hir:te is one suggested by Cotrwai[6 l,[7l. 
T-he procedur€: con~.i-sts of -extendi_pg a simulati-c>n rub. and .co11e~tiri-~ 
st;·l3.ti-s.tics· :in blocks ~~s~·d ·-upt)n .job starting _t.ime.s :. ~igu.re -4- mey 
I 
0 
A I 
1000 
, ..
B I 
2000 
C 
' 3000 
D 
FIGURE 4 
I 
4000 
E I 
5000 
F I 
6000 
.~:fobs: ·started ·i1t tl.le interval 0-1000 hours will be- pl,ace·d i::n .one 
bl·ock, whi:L~-. those st·art:ed in the intervaJ. 1000-200··0 hours- will be 
placed in .a_. se:·cond block, .and so on:.. O.r:t' completion of the simu-
lation run, six f:lets of statistics are collected, a process which 
formerly required six separate runs of the model. In addition, 
trends which mey- not be detectable in shorter runs may become 
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·apparent with extended r1¥1S.·., wb.i.le qqig.pu.t.ational :e:f'fic:ienqy i·s: 
maintained. 
that are available to work: in ea.ch s·ect··ion and as:s:igns. ayailable 
workers. on ·th.e basi·.s: ,of a ... given lMor: cil.spatching rule. 
Inventory is taken ,irt the shop at specified intervals· .of' time • 
... ~i:s flsnapshot" .pro::G.edure . was emploted to conserve comp'1;tat·ional 
,, 
sJ>ecifiea :time· :i.:nt·~.ryal,s. ··since tpe: st:atus of machines: .. and .laborers 
is recorded, thes·~. repo·rts are use.ful in ·va1.·id.ation ·of the model. 
Model Validation -· 
e·ompa.ri.so1J· of· model results to shop ·Cpe·rat.i_ng .st.at·ist:i·c.s.~ ·The: 
st:at·i s.t·i·:c:S· whi.ch: :were· ··used tor :p.ompari sdil we.r·e pro:duct. :yie'J.g., 
tn:rc:n.1gh_put time, :and .inventory value. 
Very li.tt:le ·tnformation. is available in. the :1:L .. t.er:at.urej on the 
valigat·i_on. o,f' ·simulation models. In pa.rt:i.cul.ar, n:·o·. literature could 
be .. :found. des·cr.ibirg the simulation of ··an actual labor and machine--. 
limited shop.;·:. the majority of previous re.se·arch consi·dered shops 
limited by a si_Dgle resource (machine.a). ,·sever.al of the problems: 
encountered in the validation of ~ne .. ,pre::s.ent: :mode_l are s111,ooarized. 
below. 
' The initial.problem encountered was·an extremely :1Qw throµgh• 
put time. The shop was started in an "empty-and-idle" state;, 'and 
. ' 
after a 2000 hour run-in period, the shop appeared_ to be in steady 
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state. Product throughput time, however., itas- only 25% of. that 
being experi-en.ced in the 11cJ. 1J.al shop._ 
It was felt that a major- factor affecti~g: tl·ow ·time had been 
inadequately modelled in the simulation, and an invest_igation w·as, 
... 
·undertaken to identify this _factor. · Yield an;d .. r.ework report-s 
.1 
showed that som.e· discrepanc:i·es :we·re, prefse,nt ·i_n· -th·e moae'l. Yield an·a 
. 
rework inforina.t.ion -from• an ·on...;line information syst.em in :th_e.: actual. 
was st:i.11 ·uns·at.isfact.-o_ry. 
of worke:rs :eID.e;rtged a.s· a; :major :.fact.or in t·h.e .dete~nd.pa-t;ion of pro.duct 
a .sect ion woulti be· :e~i-g_aged in p~el.Y · product.ive. ::i.-abor. Current 
, 
time is spent- i,n· ·nQn~product:i~".e- :1a.bor· ·fe .. g .• , clean-up, se,t:-u:p, ,. etc ... )::. ... 
. . . . ... . . . ,, . 
Additionally, an :ap:pr·oximate five ::percent abs.enteeism rate i:si 
experieµced 1:>y t·h~· :Sb.,op.. It· -w&.~ olea_r th~t :~h·op -l_al:,-or r.esouxc:es 
were const-rain.e:d mo.,re- s¢ver~l._y th:an was- initially believed. .A 
productive lab·or in·: the: s-h·op. Model performance improved dramati-
.,. 
••• 0 
cally with ~h-he.- in-clusio:ri: of this constraint,' though _sensit·~vity 
analysis on t~e meaµ :and. st.~dard deviation of tne worker av~il.a-
bility distribution :indicated extreme sensitirlt.y to. t_he·se= t:wo 
parameters. 
In the search for the para.meters· of the worker-availability 
· di:·str-ibution, it was found that certain f'acili ties 11.ave space 
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:restrictions whi¢h. limi.t. the. p.umbe:r :of 1.a.bo·rers. ·which· can be simul-
taneously ass~gned- t.o the facility·. This factor was included in the. 
model~ though it had very litt·.le effect on- t:he th.ro_ugbput time·. Due 
was. re.tain.ed: i.n ·t.he model. 
. 
· For a. given shop equi..lib.r:ium coridit.ion, :sever.al interrelat~d . . 
· .. 
. :f'actors are fJliporta.rr~ _in evaJ:uat.ing :shop p.erfo:rzn@ce·. These .factors: 
I 
irrc1ude: 
•, .·., . . 
.1. Arri val rate c,:f n·ew· l.ot·s. in the shop 
2·. Number of .l.ot s :in t:he. shop 
.3 •. · Re.lat:ive pos.ition .of :lots 1::n, t-:t:ie s.hop 
.:5··· 
6. Utilization of .faci1it:i't~s .. ' ·- .·. •.. 
. -- -· . . -·· 
Naturally., ·shop ma.n_ae;e:rnent ie; d.'edi.:c:ated t.o· de.live.ry qt·· the:: 
product to ·c-1J.st,pm.e:re. in a. min:imum. amourit o.r: t'.ime and at a minimum 
in·-proc·es.s it.rventory inv~J;;tment: 1·evel :(_t.o: .. meet- ·s.er~c~: requirements 
'• 
•· lots in the shop is: important because ·it .clearly affects .. t-h.rougn:put 
time ( f'rom-- the fl.6w equation). Man_agement may be more :interested 
in the actual cash investment represented by the in-process inven-
tory. A measure of aver.age position of lots in the shop is impor-
tant in a. "value-added" cal~ulation of inventory value; this 
statistic was collected thro:ughout the simulation experiments •. 
) 2.4 
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Finally, ut;il-izati-on of l'in4..te·a. resources is important to shop 
management. If the shop (or a particular section of the shop) is 
·,.,....~ ..... 
understaffed, the resulti~g co~gestion vtli1 'produce an increase 
in in-process inventory. The hiri~_g_ of addi tionaJ. laborers is one 
option available to shop management to i:'e:lieve such co~gestion. . 
Another· pro·qe-clure may involve exa.mi nat_ion of· :other -shop sections ·to 
between sect:ions is gen~rally less costly t·ha.n hi.ri~g· or fir:i~g, -®-~: 
may equally ·iIµprove shop _pe.rfo;rirtazjc.e,~ 
!gperiment:al: .. Desi gq 
· The fi:rst consider&t:i ..on in conducting Jl., e.im..ulat·i·on experiment 
. ' 
. . 
:i~ the starting con:figuration .o:r the shop. conway[6J suggests 
·be: t~_sted., 
:2-, .·St.a.rt the. mociei_ m.th a. :''reasori.ab.le'' ~tELrting con.dit~ion 
and -t;ha.ng~- :-~o'r e-ach alternative. 
·, 
·3:. ·st.art the :nicide1 :w:tth a "reasonable:•t sta;rt.,i11g: condition and 
It is: :obyi.011s t}la.t the· firs~ :jµ~t.h·od require-s .eons'id_e:ra.ble 
• computer ti:me., i·n that equiJ.ibrium must 'be acht~ve,d .for .each 
experiment. Ad:·ait:i:on,aJ;ly, Conway s~ggests that the third conq.ition 
is less likely: t.o ··bias the final statistics ·t.ha.n. t)le ~econd option. 
·, Thus, the third opt·ion· ·was e·mployed in the current invest.igation. 
In establ.ishing· a vaJ.id (equilibrium.) pre-load of-the shop, the . .. . 
. . ' - ' •' 
. 
. , . 
model was run for 14,o:oosimula,ted' hours.. The result$ of this :run · 
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. were consistent with actual :shop performan·ce, and the 14 ,000-hour 
pre-load was adopted as t.be starting poiri-t: :f'or all further experi-
:oents. (To insure that e.quilibrium. .·had in4e~d: been reached, a.ti 
,. 
additional. :10 ,o·oo hours of operati·on: w.er~ s·:i.mulated with satisfactory 
results) • The 14 ,COO-hour preload. -repre.sen:ts· :appro_xim.ately 2. 3 
years of actual shop production.. 
:, 
.In the c.o:11ection of st.atist·.ic13_, t.lle: ·b.lockiJ1.g methc5d of .. 
Co~wayI7] was emplqyed, .;Based on. Conway• s res.lilts , it :was felt. 
that this· me~llod would .e:c::onomize on -~OD?-J?uter· time:, ·and· :provide: an 
aiiequat'l;_ly long: peri.od of simulated. time ·f'Or th.e: mode;i. tQ respo:p:d . ' . ·. 
t• t'.O :changes ·i:n ·e:x,p~rime.nt·.a1 paramet.ers .: Fo.r· t:p:e ;e_xper:i.m~nt'.s .~ ten· 
Experimental. ·va.riabl~s. 
In -recent: .years,. the·r-:e nas bee"I1. :.a t·r·end. towar(l. t.h~: use of 
larger· .i.o_t $·:L:z~s. (.and a higr1er nitinber- o·f· 1.ots) t.o meet increasing_ .. - ... . .• ,• . 
.· 
;, 1 
-illlportant parameter in. t}1e e:conomical ,op-t:~ir:ation Qf a s.b:dp. Ad .... 
diti.ona11:V, t·here are ·of.ten :phys·i·c,al :rest:rictions in· ·a. :shop which 
:U..n.dt t.h~. raµ:ge of :rea.sibl:e·· iqt si.z.e:s·.. Thus, one experime~tEU 
.. : 
obje.ct:ive tif' ·tlie. -qu:r;:r_ent ·in.v~stigation is the determinat·ion of a 
feasible :J..9t :si-~~, whic-h will yield a min.imum in-process inventory 
-in.vef:>tmet.rt~ whi·1e. :properly. meeti~g demand on the shop. 
kl additional faot·.o;r which obviously affects 'Sh.op pe.rformance 
is· the size and a.J location of the labor force. This q-q.~stion will 
· also be considered in the experiments witb .. the opjective of 
,. 
determin~g a "near optimal" labor force con~guratign ·:ror the shop.· ... 
,26 
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. The model includes stati·stic$· ,on :labor util·izat·io·n which aJ J ow a 
prediction of the effects of hiri~g, firing,. or transf'erri~g workers 
in any particular section. and· shift. 
In siunmary, this chapter ha$ cons.i·.dere:d ·t·he· :constr.uct-i·on .of the· 
simulation model; the me.asµt~s of shop perfo;r-in.ance O :and the experi-
mental· procedures· e·n;tpl:oyed: t:o examine the: ·ef':fe·ct of lot· :siz-·e· $id , 
"'" 
l-abor. :(q;r.,c.e _alloc·.a.ti:.on .a,:on t:t1e .per:rorman:ce .. of :tn.e· shop·. · 
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CHAPTER IV 
PRESENTATION AND ANAl.,YSIS OF RESULTS 
This chapter i.s divided: -.into: two .maj·qr :;;ection • The first sec-
labor qlsposi·ti.on on. :shop ~formance: is.: ~s-cussed .in- the $e:c:?.ond 
:ffect:ion. ThEi presentation of result~ in..: ·tne lat~ber section _a.1.s·o 
con.siders: th·e importance of l·abo;r canst.rain.ts ·in sllop models ... 
I (}e":tffiain ·portions· -of th~ i:-e~ults of thi~ .Ptu;"d.y co.u1a perh.aps-
shop.. There-f.qre,, ·all values. ·pr~~~nt)ed in this chapter and thro1igh~ 
out the thesi.s· have b.een s·.ca:L~;d· to :maintajn the confident-ia.lity _.of 
this data. Although_ ·t·l:1e :absolut·.e values· have b.een altere:d, the· 
. . 
. 
relative results- remai:11 oob:lase-.d·~: 
... - . 
.... 
Lot Size Experiment~t·ioh. 
In the past, the :sh·o:i;) h~s i-ncreased the a:i·z-e: .of :_iot.s· .ancl ·the . 
. 
r.eg;llires 1000 integrat:ed :circuit wafers to·· b~ .s.ta.:r:ted daiiy1 , lot 
sl.ze and lots started c~- be altered to. $e~t-. tll-i:s :pr.o.·grani_.. Lots a.re 
started at equal· in-t~~va.ls· throughout the. firs:t. two shifts. Certain. 
physical re.strictipns., s:uch as . material .qarrier design and -machin.¢. 
·, 
1 " . ""' I 
As stated previously, all values throughout this thesis have been scaled to ensure the conf'identiali ty of proprietary shop information. 
' 
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capacity, 1 limit the feasible lot, size range to 80-lO_Owaf'e::r·s/lot·,, 
Although it is evident. th~t t;bese restrictions are n·ot ile,cessarily 
permanent, it is :ni,ot: w:ttnin: t:he, scope, o:r tl1is·, the:s·i.s to ar1-alyze or 
recommend any alteration of capital resourt!:es. in. ·'the sh.op. 
. 
Three ."lot.-si·ze., lots ·st-arted" combir.ratiorts: wi'th-in the res:tri·cted. . . . . .· . . . •. ' . - .. . . ' . 
. . ·, . ' .. - ~ 
.... , i. 
" 
·96. bours in the piode:I,. After ten obs·erirat.ions an average is c:a.l--
culated;:; t·l.Ie-~e· averages .are plo_t_t:ea in Fi_gures A-.J~, :A-2, .and. A--3, 
' ' 
·duc,es an :i+:LRreaf)i.ng: trend in the l.e.vel. ·of· .f:n~pro~e$.~ ·inven.t·ozy.. Art·er 
:21,_0.00 s-im:ula.te .. d :hours ('i._e~,:, at time .. 36 ,000.), equ.ili'b ..ri'um had. _.ho.t_ 
'• s:e_ry~_:cl_ vith. a .. ·lot siz;e. o:e· 83 -wafe·rs, the system_ :·s.t·a.bilit.y utilizing 
a lot size of. 9i: wafers can also be questioned. $1n·c~ the average 
number· of lots: (shown: :i·n Figure A ... 2.) appeared sta,ble, tl;te simulation 
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run was dis·continued· after· ·10·.,,000· hours· ::of: ·s'i:mul~ted time. Iloweve.r.· . 
. . . ~ 
·a high variance on inventory observ:$.t·~ .. qn·$ and a correspondiAg plot 
indicated a tre:nd still remained. The S·imulation model is structured 
for continuation of experimental ru11s., ·w~ic:h ... a.llowed. ·this lot size 
' 
11,000 hours o.£ si.mulated ·tfille: • 
. A lot .. s.i.ze· of 100 wafe.rs: yiel.de·o. mclre· s:t.ab·:1e· :results. .!$. s:bown. 
in F_igure A-3~. the. nutnb.e.r .of 'lpts in the :sh·op ap.J;,'eared t·o s:tab·iliz·e· 
inventory leve::1 .... 
Alt.hough :a, ·ph.ysical. constra1:t;1t· eJCi:$t$: at· a. lot 'Sl'Z'e qf 100 w:afers.:, . . I 
tlr.e decr~>8.$±ng i.n-pr~c~Ers. inv.~ntory· With ah in.cre·,::1s--E?: .in lot ,s·iz:e 
-pro:rnpted interest ip. f'urthe·r· e~erimenta.tj{.9n.. .J.t: 1nust be: note&.; now~ 
ever, tiiat: ::yiel.d. ~cl ,re,,tork data ·incqrpo.r·ate.d in the :·model was. verifi.e.-cl . . 
·A lot·: s.:Lze .. 
' 
.• · ... 
. The 1~e.su;tt.S· acnj/eyed .. wi.th a lot size o·t .125: :WJ1.fer.s are consist--
.ent vith previous f'indin_:gs in that the ·.l,e,rger lot s:ize tended to-
. further reduce irt~proce.s,s :investment. A p·Iot of lots in-process 
(rigure A-4) indicates equilibr-ium is reached after 16,000. simulated 
hours (i . e. , at approximately 31,000 hours ) • 
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·The associated values of lots ,in-process ·:for the va.ri:ous lot 
si.zes are plotted in Figure A-5:. J3i.nce an· .equilibrium condition had 
· ·nqt be·en achieved for lot s::L.z:e·s of 8·3 and. 9.J.. wafers, the value·s 
plqtted correspond ·to the .in~process irrve·st:me.nt~ -at 36·,o:o·o bours S~'mu~ 
1·a.te-4 ·t_ime. For .. lot· ·:·si.ze·s ,of ).:.00 ~nd 125. wafer~-~. the ave:rage values 
lot .·size gene.rally re-duces the -1.e.ve:1 of in.--1ttocess inventory under: 
.a t·ixe.d. p:1;0.duct;i.on program. 
factors otller than inventory may be· ~qual.ly import.ant i-n: de:-
t:e.rmin·ing th~ leve:l. ·of ·shop performance. Tabl~s A-·1 ·w.:id: .. A~-2 ta.buj..at·e: 
the a~dition-al statistics cqlleGt:ed w.h·it:h. were he·lpful in: e·valuating. 
.. 2 :shop performance from other -·vantage points. · Interestingly·; .:rnacnine 
uti.li·zation tren.ds: downwar.d ~ wh·i).J~ ].E3,l:>or· ·utili.·z-at·f.on tend~ to. ·in-
facilities. 'I'he small :r:ise in· :labor ·ut·ilization i:s ·attributed t.o· t:he· . . . . . ' .. . . . '.. . .· . . -·- .. . . . -- . . . . - . 
·,, . 
set-up t:i,me3 require·d eac.h time a laborer is l"e!;iissigned to a dif-' · 
ferent f.'actili~y· center. As lot· 'sf:ze.s: .bec·o:rne l~rger:,;_ .fewer lot·s· 
. ·;.. 
appear in the shop, causing a la.bp:r.~-:r to ·be· .rea.ss·i--gned. mo:r.e fr.e~-
.... •· . f24J quently·, bafled on the longest queue:.-la.bor. .. di·spatc:h rule .• ··· · ·The· 
.. 
2 . . '. . ' All values listed represent steady state averages . or the values as-
sociated with the cutoff time for those lot sizes where equilibrium 
was not achieved. . 
30ne minute is· allocated for set-up. 
ment appears in Chapter 3 . 
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additional setup tf.me ass.ocd..ated :with more frequent reass_ignment tends 
to increase labor utilization slightly. 
· The· unbalanced :1ab.or· ·utili·z,a.t.ion :i'n the different: secti:or.1s of'· 
' .. 
·1abor Disposition: Experimentati'on 
A lot size- ·of 100 wafers y'ield.eii, 4 ·mi·nimtmt :in-proces:s i~vestment 
ma.de t1p.-ing: ·this lot siz.e. 
t·l·.on scheme. A plot of the ay.erage· '·lot·s:. :--in-process (,Figure. :-5:) 
c,J..early i-llustrates· the in_f'luen::ce o·f :l~bor d.isposi tion on ·in-process 
. investment. ,'1.'he nrl:nimum level of· app~o.ximately 9 7 lots (with an 
associ~te·d val.tie of $261,200.) 5 is ach-i.e-ved after: ·29:1 simulated :pro--
4-See Tab-le A-1; 100. wafer lot size. 
5A11· related· statistics for the· labor disposition· experimentation are reported in · Table B-1 through B-6; values a.re· equilibrium aver_ages • 
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• 
-ducti ve days. · This le~gthy·· tra9si tion period. :is attributed ·to the 
·co~gestion present in Section 1 (due .to h;i:gl:l labor utilization). Com-
b-ined with an input .. rate of 1.0 iots./o.ay, the time :required to remove 
·thi.s congestion from. the shop b..ecomes s·ubstanti.al •. 
The- ·1ab.or alloc-ation ·' ,; ... ·,;· • ... · '. . 
-• . - . . 
~-
tigu:r:-at·ion utilizt~.d ·:±n ~- .level .load of' the .ay~lable s-hop· work.-. for.c~. 
A com.pari.s.·:on :of· tl:1:is;: labor :confi-gµration .and that. util~z.ed for lot 
s·i·ze experimentation :(Tab·1e ... A-·3.) -~ndicat.e dra:criat:tc c:traµ·e;e.s _i:n sec-: 
:t·,ions: ·1 3 and 4. 
. 
. ' , 
H;igher . labor 11t-i.Ii-zat·ion may·: be a. des_ir.e~-- :soa.l of· ·:m.ana.ge:rne:nt-. 
: ~ . . 
The· second labo:r qon·.figurat'ion ('I'abl~: B~-5.} represen_t_f3 ~n, qttempt: ··to 
.a·ch:L.eve 85% labor ut·iliz~t:io_n :in. all s·ecti6n:s :of the .s·hop.. As. ·eJC-
. attain eqtrl.lior·ium increas·e,s •. The equilibrium level co:rres;p.on.<is to 
99 lots· wt:-tll: -,an associated ya.J{µt3 of $272,480. This inventory in..., 
vestment is. approximatej_y $·10.:~·o·o·o higher th.an. ·tbe investment un..de.·r 
available labor level-.loact condi tioris. Ffow~v~r, .. the decreased labor· · 
costs should offset. the .costs associated with this m~ginally in-
creased inventory. From F_igure B-1, the time required to achieve 
equj.libriwn is approximately 375· deys. · In. comparison· t.o the-· 
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available-labor leve.1-load con~iguration (which requi·re.~ 320 days 
-~~- --r1 to achieve a minim'U.tn in-proces~ level), an additional 55 days of 
:Processi~g is re.quired to -:r.e·~c'l:i.. equilib·rium. An. :economic analysis 
to determine the po·t~n-ti:al bene·fits:· qf achie·ving_ .a mqre rapid transi~ 
.• I 
tlle·: ·tr.ari'sient s:tate of: .in-pro:ce·ss· inventory for eitller ·of the .above 
lab.or .c.on.fi.:gur~t.i ona: .. 
_s.t-udy·.. To achieve t·h;is: -labor utili z:atlon .. level, fifte~n.: employees 
we:re reniqved from. the ·s.ho:p work t.orce:._ :The remaini,ng employees were 
i 
as·:sfgp_eci to :sect.ions.: ·in ti·manner which -effecti:vely yielded 90% l:a.b.o:r 
Appro~-mat.ely 460 producti-ve· days :following. tbe .. imp1eme'r~i",t;ttion.- of. '•' - . . . . 
. ·• 
·th.is labor reallocation scheme,. the .in~process irtventq_ry aichieved: an 
equilibrium l~ve;l c:>-f 14:3 lots { .. Fjgure ··B-2'). The investment= corre~ . 
. spondi_ng to. the lots fn-pro·cess is $376,940, an increase of a.ppron.~-
m~te;ly $115, oo_o ove.r th.at as·so,c·f ate.d with the avail.able-iabo_r' .leve·l-, 
load configuration~ An. •analysis ot ·the ·1abor s·.av:tngs .13$Sociated 
' 
with 15 less employees and the costs associat·ed with the m~rginal 
investment increase indi-cates labor is more costly. · However s other 
factors, such as the 100 h.our increase· in product thro:ugh.-put time · 
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:and "the;; s·ubstantiaJ.ly increas·ed time to '.achieve equilibrium, are also 
j ..... 
important in the- aD:aJ.ys.is. · Other less t~gible factors include: 
, 1 ,. t 
increased :futur:e d.emand which :iney·, require more employees; labor 
:rel.ations ;. a.nd ·th_e shoJ cha.n·ges which. may o·ccur duri.ng. the lengthy 
tr.an$itic>il pe:rio.d. requi.red_. to ··achieve the eq:1,lil:Lb'ri·um ·inventory level. 
The eiffect of lab.or a.lloc·a.ti:ort .pp.. the tra.n:sitiort pe·riod le~gth. 
' f.ormed the b~s-i,s for ,additio_n._a:1, ·1a.b:pr disposi t·'io_~ ~tudi,es. With ad-
¢i. tional labo-r·, 1.e·ss time ·should be requi.r~q to .achi·eve a minimum in-
lab.or ·utili~at-i·ort ,fn: th~ :fl v~ se.ctions .o·r the shop •. The- transition. 
- . 
. . ~ .. 
time re·qmre.d tq·· a.c.h-ieve: e:quillb.ritun (.c.or:r~.spon·di;ng· t:o 95 lots i.n--: 
proces··s) was 250 production· days (:rr!gw-e. 13-3). The associ.~te.d inven:--· 
·tory ·i:nvef.3tm.e.nt ( $2:56..,5:20 ). ·is ,not ·s_ignifica.ntly cµ.ffer:~_.nt front ·the .-
·f'igurations ·f.s· the ti:nie req~ire,d. t:o: achieve t·he mi·11t-mum ~:quilibri_um 
inventory level.. .As :mentioned prev;i.ously, an economic. a..nalysi·:s. of:: 
,-
the potential bene:tits ·o.f· a.q}J.ieving a more !apid tr:ansition to· 
equilibrium :L-a a1·-fticuit. .Knowledge o.f th~ lrnter· :t>o1.U1d ,on the time 
. required to achi~ve th:i:s minimum le:v.e.i .. may be valuable, ·i1;r. the 
decision-maki.ng · process concerni~g the addition of:. l;allor ·to the· 
··• shop. Additional experiments··-·:were conducted to :q:et~r.nrl.ne this.·· 
lower·. bound. 
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Adding thirty-two employees to the S'·h.op· :iabo~- ·:fqr.ce provided a·· 
·10%. labor utilization, in all sections o·f· th~ ·shop. The time to :. 
a,chieve a minimum ··ii:1ventocy level of 9.2 .lots (with an associat:ed 
val,u~· of $25:2,150) was 2-2.5 days {see F_igure B-4). The ,improvement 
Qf 25 deys is·i··s-ubs:tttittially less than the marginal decre.a.s.-e o_f' 1b 
days produc~-4 :by ~<idi_:l'ig s·e.ven_ employees (i.e. , 78% labor utiliza.t:it>n 
,,in all_ s·e.:ction:s.)._. :An: a.n_a1ysis of the· machine uti·lizat_i_on. ·for: -:e:ach 
facility cente·r in the sh:op ipcti_cated tn·at s..ome machines i-n s.:ections 
apparent tbat: a.s .mach··it1et:; 'betcp:tne & more_: :c.ons:t.r:a.ining: re·sourc·e tn..~ 
labor, addition·a1 emp~Loye~-$ wil.l. l1aye: _li--tt:1e: .e'f.f'e:ct .on t.b.-:e time: :re .... 
. . 
quire a.· ·ro:r th~ tra.ns·i-tion · to oc.c.ur. 
sections: •. _ ·The· transition time {Figtir.e.- 13 .... :5:J· ·was. i4e:nti-c:EL1 to:: tltat. 
experi'en·ced for -a 70% labor utilizati·qn,_:•- Co:rrespon.ding1y., n·o :signif'i--
.configuration • 
. of employees fro:qi_ ar1 llil;der-uti.lize·d to .. an over-utilized.. ,section-. :A. 
. 
. . 
.. 
:shj_ft· of' eight employees from sec·tion 3 to. section l yiel·ded an :equi-
, 
ifbrium _ level comparable to- th·a.t achieved through the. a:vai:lab1e-labor 
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level-load reallocation· s..·cheiD.e.. Alth~ugh. the number of lots. and wafers 
in-process were virtually :ident;lcal to the level--load values,· .th_e· in-
process inve~1tme.nt was sl.igh.tly ¥gher due to an increase in ave~age 
position. Sinc·e the· l~bor utilization: :t.n ·sections 4 ar1.d 5 were h_ighe_r 
.dup~_ng an increas·e<l average ·invento:ry :positi:1h. The. transition time • . -
• • ' r 
_required to ach.ieve the equiliprium level it:> _a;ga:Ln a major considera--
·tion: (F·:ie;ure B-6). Approximately 430 days. f'dl:lowing the implementa--
·--ti·on of·· the simple transfer·., the n1)mher of lots, ·f-11 ·the s·b.op a.chi-e.ved. 
The. -r~_sults prese.nteq. in t_hi.s. chapter represent a q_µ.~l.it·&t.i ve 
.s·umrnacy _qf th:e- effects of ·1ot ::size and labor force size· -and disposi~ 
,e·JCPeri·mentai r~~ult:s; the shop Jl~:rf.orman·ce .i.s :"great·1y a..ff.ect.ec1 b.y 0 0 • M ' • 
0 • 
0 
0 0 
the decre:ased, work in...;process.. Con:c·lus:ions l)ased. ·on :t·hes·e r.~:s-ults 
-chapter. 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
.", 
Conclusions 
Th.e purpose-. of this thesis was to. study i;qe effect of startin-g: 
• 
. lot size and lab·pr force size an.¢1. d:ispq$:Ltion on shop pe·rformar;tce .• 
Shop perfo:r-ma.ri:ce l$ .JD.or.~· $pet~:ifi.c.ally defined as·. ··the ability of. tlq:e 
·, 
:investment ·.required to ·h9·1~ inve:µto.ry .cari. be gre~t, ,a. ·r:educti.on· of 
- - - ''f,'• 
plet·e p.roduction on a. product lot i-n. a snort time i·s an import:a.nt 
meas-rate o·r shop- .performance. Th~,r~fo:re,. t:he primary objec,t.ive· :of :this 
st:µdy· wa.s t:o. d~~~::rnr.ine a lot $:i.ze and a labor allocation: scheme wlti.ch~ 
.As ., noted in Ch·apte·r l\tj g:Lven. ·a s:tartin·g rate of 1000 "W&-fe:.rs 
·. . . .. . . 
4.a.ily, the "best" lot si.ze :is· .100 :wafers. Howe·ver·, a. lot s.ize gre·a.t··e:r 
~.quipmen:t, .for e.xaJJI.Ple) ia s:Ugge.~·ted. A primary· ·fa.c-tor ·which should 
J>~ c.on·~.io.ered .. i.n th·e propos.ed ana.lysi·s is the ·abi:lity. ·of the shop 
to, :meet .. future rising· ·demand. Th.e · i.nherent ass ump ti on in the analysis 
• •• 1 
·~ I 
. ·, .. 
! 
• I • • 
' : ' '.i' r : ' •· 'I' ·: ·: ~ . " 
. ..:., "'il . . . . . ; . . 
' . 
I.:"° 
.. 39 
• •• >I 
. ,. \ ... 
. . 
. . .. 
' I• ,' ,' 
.. .. ·: 
I' • ,,., 
.I'. 
,·:. . '· .-, 
. ,· ~ . ' 
.,·,,., : '··. 
• , ·.• '•. r .. ·' . 
,· 
I I . · • • 
I' 
1, 
' ;~ 
i 
'i ill 
I I . 
I 
':: .. 
.. 
. ,.,,, 
• 
·• 
is: that a: re:duction in :tn~p.roce:s:s_ i_nventory achieved through . an in-
cre~se' in lot size: would permit a. higher input rate. 
'• 
:Th~ result.s ·of. ·the lapq;r· disposition study show th~t definite. 
impr·ovement in the·., -~hop :perfprman_ce ma~r 'be. :achi·eved through more 
.. ' ·.-
. . 
j·udicious utiJ.-i-za.ti.on· of ·-t:he Shop. workfqr¢e.: Howe.ver, a simple con-
,-;..; "'" 
:_q::tµE1i·on EJ.:s· t:o the more, desi··r.able ··.:1ttbor Q.i$posit:ion ·strategy is not 
easily made on the basis ·of thtfs~ experiment.al result·s-,. As-: me.n-. 
tioned :previouply, an .econ.o:i'.rii:c· ·an.alys·is i_s q.i_fficult due t:o the 
_problems c~u.pe·d_ by- the lenghhy: ~~-~n,s.ition st.ate:.. In the. £.i·n_ai ana.ly~: 
s:i-.s', man:a'gement p]1f·1t>:~:9phy· :wi·Il d_i.ct.-ate which lab·o~- a.:tspo·sition. -. . ' . ~ . . . 
) 
:V 
• 
1) A s11mrnary of the ,f'act_ors f'ourtd in the stucy· ·w'.b.'i.ch 
j 
t·ion scheme: • 
. · . . . •-- .. ·. '. . ·.-· .. . 
each labor conf'i:guI',at-ion is shown in Fi.gµre .6·.~, ,A la:rg~ :increase· :in 
the transition period length- :res-~t-s when ·the labor force utilizat·ion 
_;.; factor exceeds 78%. A minimum- transient ·peribd m'~y be· des,irable due 
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,to the· dynamic nature of the shop environment. Alteration of the 
shop or several facility centers may· have direct influence on the 
-results obtained in ·t·hi.s stud~\;:. Conversely,. a. longer. transition 
period may be desirable·: ·with- respect to the. market demanq. st.:ruGt.ure·-· 
Du.ring the transition pe::r-i:od (·i.n which in-process i.nventory is 
.a~c.re:as-ing) ·, it is c·1ear· -t·hat· more: p·ro.duct vi.ll compl.ete producti'on, 
than during_ an e·q_uilibri:µID. ·prod.uct1on. c·on·diti.on :(t·he: shop output: 
will be h:igher'). An .anaJ.y.-$iS of the ·70_%· labor titi:,Lization _c9nfigura-. 
ti<>I;>. __ (li':igµ.re ·l3-·4} i-ndicat:es a de.creas.e of ~ppro~Illately 350 lots i.n-~-
pr.<le!e.ss · over a-' :pe·r:Lod. of 225. pro·duct_iori days-. The· in~ket impact o·t 
~1 average incre~e of 1. 56 lot-s/day:· must clearly be weighed _ag·ai·n~-t 
.. 
t~.at of a lon·ger tr.a.nsit.ion: perio.d --(and smaller increase in output 
rate.).. ·r·ndustrie·s with a. history· .of· ~:mall grow-th would gene·rally~ b~. 
,-more interest,ed .±n thia fa·ctor. H.owerver·, g_i.v.en- :a: prq·du:ct code 01~-
S·ib:le th-at management Jlll;Y -desi-:re: to ·r·estrict sta.rt·ing: of· ·the:sfe oo·des 
dur:LAs; tlJ~ tr:~sition. pe-riod-. The .economic factors goyer.n,in·g the: 
holdin·g- cos·ts of fi:n:tshed product for a lengt_hy per:i,od. are clear. 
A- si:riri.lar s,nrnna.ry: :i,.i9t: ·of ·tJq:e -~vera·ge.· ·inves-tment· required af'ter 
the transition p~riqd for ·each. lab.or· 6onf~guration studied is shown . 
. 
in Figure 7. It is clear that ·there ·exists· a small variation in in-
vestment required by. the various allocation s~~ from 60 t.o -85% .. 
........ ·+ 
labor utilization. From these ·:results,· it is estimated that ·the mini-
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' mum possible in-process inventory is within the range of $250,000 to 
$270,000. The number of lots in-process associated with the minimum 
investment is between 90 ·and 100 lots. 
Based upon the results of the labor di_spositi,on studies,. some 
implementation factors become prevalent.. ·The problems associated· 
. with- reassignment and hiring/fi·ring. are- generally known. However, 
i ',' •·· • ': ' .• 
due to. the i:µiporta.nce ·of t·hef3.~ .f''3.ctor,s to. the actual shop, some of the 
·problems. will :b¢ :.r·.eeII1ph,asized. Through the process of level loading 
available 1~1:>o~:, tra:ln:ing of transferred :e.~loye_es is required. An 
attempt_ tci. -maintai·n ,approximate sht~ prop:ort·ton·s would force some 
. ~-
transferre;d employee:$ t:o -ch;~ge sh.i:ft,s. Altliouglt ·_a: s.Jrift change· is 
·not .necessarily :a rn~j_or problem, thi·s: .factor mu~t.- be,.- cons:idered •. 
The fir.ing of em.ployees can ·be very cof3tly t.o a. comp·:any-_. Addition-
ally,. the speci.fic· ·cost ._as~:oc:La.ted. with layoffs could be !tlnute· when 
compared ·t.:C> intl:lpgi ole .. :c.onsider.a.ti:cin·s sue-~: .~s decreased. employee 
• 
s..idered .. in -a.ny p-lan ·involviP:g _layof-f of workers • Con~erse.-Iy, the 
hiring· of pew empl_qyees _is generally acceptable ·in ,~ tmi.on environ--
ment. 
labor cost-s; -whic·h ,directly affect product_ profi tabil:i..ty_. Ideally, 
if management is_ .i.nt:erested in re-ducing -:the -~--ri-prqqess·: :investment 
quickly, a .temporary increase in. ·-t·:ti.e wqrkf.orc,e·: may be. a.dvantag~oµs:~. 
Training effec·tiveness for ~ .r~].atively short period immediately 
becomes obvious. Employee ;retention following the transition period 
) ... 
. ~ 
is· a consideration which -also remains. 
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-Obvi.ously, the question ot>w:hich. J.:abor .allo'.cation scheme is 0best'' 
has not been answered. :rt is the author's opinion that either level-
loading the available workforce or ~·simple trans:rer of e_igh~ ~mployees 
from section 3 to .section 1 are the pragmatically bet·ter s·olutions 
. 
under the presetrt produG:ti:on pr_ogram. These labor c.onfigurations 
. 
' 
a.chi eve "ne·ar· f ptiinaJ}': performance in coIIlpa.rison I to :other configura-
tions· (i.·e:.~, the: lower b·o-un..d on thro;Ugh--put time 1s approached.)'. 
Recommendations. :for· Furt:he·r St.110.y 
_As ment·i·ofie.·d previously, ·tan. increas.e4 demand. -at·ru:ct.ure ·presents 
·a:· pr.oblem: to a.. pr.ocluc·:tion line. :witrr ,th.e exis.ting :shop. 1.·abor alloca-
_:. I 
tf·on·, 'an increa~:r~ :J.n. -the- .nJimber qf'· lots .s-t:·art~d :daily colll.d. qaus·e 
e::>ece.ss congestion. . ·. . ~-'..:._ \ L -·- ..... H·OWE!Ve~1t,. -with ·the. ·im.pr'ovement -ttlade posSibl~ · 
through labor re .. ~llo.c~tion, it may b·~ .. Po~ .. siple to· inc·reas·¢: tb.e- -sh.op· 
., 
·program 'without ·adversely aff:~ct:i.:ng: s.hop performance. An immedi.ate.: 
co.11:cern may arise regarding th'.e ,level o'f' ·:in.crease j.:n_ the: S:ht,p p:rog:r:am. 
.leve];.:s' of inventory inves.tine:r1t i~: p_r:op:o.s·e·d • 
. Additional result_s· indi.cate that .a :miniID.um transition pe:r1.-o.d, 
·.· ·of· 225 days· :is .require,d to. ,attain ·~-· ,~qtd.librium inyentory Ieve.1 • 
.. ' . 
.. 
. This low~r· po.und. i:s. achi.evab:le through a wbrkf'orce increase. ·of 32 
employee:s. Ob·vious.1.y·,. h.J.r~_n.g an.a training thes.e employees may prove 
costly; the result, .does: not· ne·ce·s.sarily indicate that a large labor 
·investment is required or eve·n desire.bl~, in the actual shop. Further-. · 
more, it may be. possible to -~.clii.e·ve a s:i,~ilar tx:~sition period with-
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·out :i:ncre:a.si_ng the size of '~b..~ labor force. Given the present labor 
force, a small fixed workforce could be ass.igned to each section. The 
·.s.i.ze ·of the fixed forc.e ·would be based on ~, determination of the labor 
re~uired to. avol .. d -a.·dditional congestion. The remainder of the labor 
'force would be: .employed: as a. mobile -labor force designed to follow 
congestion thrall@: tlle 'Sh·op.. Obyi:ously many problems may· exist in: 
. ' 
. '·this· ·'"pr0p'Os·aJ.. 'T-w:~in·~trg --o-f :,·the · md.b'ile _lab·br. ·rorce ~ product qual:i t.y, 
and emp·loy~e :morale a.r~:' PUt a. :few :of the ·p·o~sible. :problems in-vol veq, • 
. 
:Yet,: 'f11rther· -stuqief:> .in dyrrami-c!. al·lo.c.at·iot;t :o;f the workf'o:rc:~ p·rovi de. 
an a(fdit'i·onal ar:ea t::cir· continue·d research .. 
In Chapter ·rII., t·b.e. -sensitivi t,y o:_:f' -the flworker availab:ili_ty" 
parameters was.: 'iiote-d.. :Sinc:e the parame.te-rs ·were ob.t:ain·ed ~from, ove:r~J..1 
.An additional ·sen·-. -. .· .. ,• - . . .. ,.•. .-... . .. . ' 
. •. 
;divided i.n.t.o bomogehe.ous. groups ·that Ci.re qualified to- work at one 
or more facility ·centers. 
,· 
The tremendous infl-q~·n._c:e of .l.abo·r op., shop ·performap.ce indicates 
the importance o:r labor constraint.$ i.n sllop models. Although machine: 
' . 
constrained simulation models serve a- variety of useful p_urpo$~S ~ · · · ,; 
dual-constrained models open many new avenues· for ·POS~ibie: ;~p.rove..\ ' 
' ... ., - . 1,·. • . ' . ' 
' ·, ,.,-
,· ,\, 
. 
46· 
., . 
<I' 
, 1l 
( .. ~. . ' 
. '. . ' : 
'· .. \ .,· . 
. •' :. - .· ·~ '.:': . . . 
, , \1 , 
' j / - , , '' . . 
, ... 
•. 
1 • • 
. ,. ' 
I 
I 
~ .. -, .. -... ~-,.-;-.-. ~--~--------------..-------------~ ..• J.~~J~.-~ ............................................. . 
. 
./ 
.• 
.. ,. 
:meIJ.t in shop performance. :This study represents one attempt to include 
-· labor constraints in an ·actual shop model. It is the· author's hope 
- ' 
that further research in this important area will continue, and that 
this thesis has added to the ·body of knowledge relatipg t.o duaJ...;. 
resource c:onstrained service systems. 
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$·l ,.2·54:.;t:41·0. 
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2.35 
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l:J.2. 2 
$1,103,490 
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125 
:275-
.-6 
22,566 
30.8 
$870,580 
3,200 
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.36 
834.0 
1.2 
* 
. _ :Values calcu1ated on last four ol;>servations.. Ali_, :o·tlle,r· -values --ax¢ calculated from observa-
· tions after equilibrium is achieved. :· 
-· 
INTuYi'ORY AND THROUGH-Fur TIME ·STAT'IS.TI:Cs,: FOR:: · .. LOT: SIZE': ·E:xPERI:MENTATION . ' . ... . . . ·. .. ·. . -· .. . - . . . ·. '. . ' . 
.. 
·Ta.b·le, ,A .... ·1 
~-
• 
• 
• 
'-
·• 
, 
-
- .. ··-:..-~ ·::::· . ! -, ::- .,._ ·- :. ' - _. --.-
~- - :---:- ·.-.....:,., ... ~· .. - :: - _,.-: ~=--~._.: .. ~·- ~--:-------------------------------~~~· 
. . 
·T· 
\. 
. i 
' f. 
. -·~ 
f 
VI 
0\ 
- - .;. -.- : -
. -~ ~ ,; _-
. . 
- .• 
•. 
/· 
:, 
SHIFT 
1 
;2 
·3 
.,. 
.. 
• 
. .
'.I: 
.l. 3 5 ··-· 
.1.:5:. l5 1·8: 2;0, 8· 
14 9· 
' 
.9~. 
.. :9: 
LOT~SIZE EXPERIMENTATION: .LABOR :Att·ocATION .• . . ·•' . - . . . . --. . . ' . .. .- . . . . . .. - . . --· 
. . .. :. ;; . . - . 
t 
.,. : 
-· 
. .. ·_ ,,::, .· . 
. • 
•· 
. ,· .. 
• 
,., 
.. 
:·• 
_r 
f 
.... 
I· 
t 
APPENDlX :B· 
'. 
·• 
. .. 
. . 
>. ., 
.. 
'. , . 
). 
t. ,,',,, 
'·t' 
57 
• 
' ~ .. 
• 
•. 
.. 
·t . 
.. 
r- + .. -
(, i· . 
-~·. -
,. i 
600 .. 
.. 
··~ .. 500 
400 J 
.-, 
300 
V1 (X) . .. 
_; ~ 
-, . ·. 200 
100 
-- -' 
- ~ - . ,.;. _, . 
- i 
. . 15000 19000 23000 27000 31000 
. ·.·.,.·-
SIMULATED TIME (HOURS) 
' 
- . ·~ : . : . ·. ' 
F~:gure_ B-..1. 
• 
• 
• 
•.. 
.. 
.· 
' · LOTS 
600: 
:; 
• 
> \ 500 _,,. i 
400 
300 V1 ., . 
. . \0 ·.~· .,- . 
• • I 
200 ....... 
. • . ·f· • 
100 
- ... - . 
• 
15000 ·19000 23000 27000 31000 35000 
'. 
·. ' 
SIMULATED TIME (HOURS) 
9 
'· • 
-. 
.. 
O'\ - ' 
-o. ·. 
LOTS 
600 
500 
400 
:200 
-·,' . ·.100 
' ,_ 
·--
- • > • 
•-- ! 
. '- - . 
-
- . - ~ -
-- - -
15000 
. . 
\ 
'\ 
I 
\ 
.\ 
19000 
. 
·,. 
23000 27000 
Figure B-3 
.. 
•'""';'• 
·-:-°"' 
· ... 
31000 
.SIMULATED TIME . (HOURS) 
,. . 
·' 
· .. _= __ ~--- '. _-,.~: . 
. , .... 
.. 
• 
.-
•· 
LOTS 
.. 
.. 
600 
500 
400 
.,, .. 
- - . 
• 
. ;:_ • r . 300 
200 
100 
/ 
. ,,. : .• ·. : 
' ~-- . ,. . ;' 
. . . . ~~ _, : . ' . '.. . 15000 19000 23000 27000 31000 
SIMULATED TIME (HOUlIB) 
:·70% .. tAB.01{ IJT·II~IZATI-ON .. ,. . ... . .. . . 
.• .. 
,. .-.:. . - . . '• 
,,. 
.. '.\ -... 
0 
• 
------~-~--------------,~-,----,------------------------
.. 
_ ..... 
LOTS. 
. \ 
\ : ... 
' :.- . 
600 
40-0 
l 
I 30·0 
'· 
•- .- -
-,: . . : . .., 
-.-... - 200 
100 
.' --. ,/ -.:~·-·< ·. _-
15000 · 19000 
. -
.- .. _ .,. . 
- --· \ 
' :···. 
·,,:- ·-
_::_ . - ·-.. 
( 
,,· . 
;.· 
\ 
23000 27000 31000 
~-
.. 
'1 
. ~-. 
,I 
f 
..... 
''-;-, 
SIMULATED TI:ME (HOURS) 
l . 
\ ' 
/-
• 
.. 
··: 
l 
! 
I 
- ~---~---,---~~----------------------·-- . ,· 
· _>· -
,•' 
- . ' -
( 
' ' 
. .,. .. 
.. 
. . 
LOTS 
.. 
.( 
.... 
600 
500 
.. _: 
400 
.. ( 
300 
_;t -. 
200 :, 
' .- . , .. 
,:· - ". . ~ -~- .. 
100 
. . . ·. :':._ ~ 
- .. -
- - - .. ·-
.~ 
·, I o1r'" •• , 
15000 · 19000 23000 27000 31000 . - . - .. - .· '-." .. ' -
. . _ .. .__ 
- . ' ' -- .-. . - . . SIMULATED TIME (HOURS) • ~ ... -...• 
. . 
.. . 
.. 
TRANSFER OF 8- ~LOYE.ES· .FROM SE.CI':J.:QN 3 TO '.SECTION 1 . . 
-
. ' 
. 
. , I . 
I 
j • 
_. .. ·-,.:_~~_,,f~f\:.{;, -dI)/l-~:· · ·· .c.· --~ 
t. ! . 
) 
.. 
·, ~-
.. -- ' 
."': 
... 
- . 
- '· -
-_ . 
.,-- . ·- ,, 
' . 
- . . : . 
;_- -_ ... ~ 
- . ' -
·, - . 
- . • ... ---t • 
·--~. - c· . . -· - . 
- -;_ -~ -, -
, :. - . ~ - ' 
. 
. -
A.-, 
. ' 
Inventory 
Lots 
. <T 
Wafers 
(I-
Investment 
/ 
·-
... 
Average In.ventory 
·Position 
_:_Througp.-Put -Time{hrs:. )· 
<T 
AVAILABLE-LABOR-
LEVEL-LOAD 
97 
.63 
42870 
30.11 
·$26:1.:)200. 
2,()4.0-
141 : ·.·. ,· 
-240· 
I!_ ~.6: 
LABOR CONFIGURATION · 
85% LABOR 90% LABOR 
UTILIZATION UTILIZATION 
99 
~ .43 
4,981 
39.:0:5 
:$·2i72,4-8o 
1,690 
• _33 
. o~a·· 
143 
•. :6.9-' 
1·.,_,799-
52.96 
$376,940 
2,410 
_;t.2:7 
• 36 
3·47 ·, 
•. 32 
78% LABOR 
UTILIZATION 
95 
-._5_3 
4o-. 45_ 
:$2:;6:, 5-:20 
.l4~l 
:•.:~ta . 
234· 
!N'VENTORY .AND THROUGH~PUT. TIME STATISTICS FOR LABOR DISPOSITION EXPERIMENTATION . . ' . . . . . . . . . . . 
. 
·Table B-1 ) 
-, 
. ,. 
-·~ ·O 
) .. 
l 
-· 
C: 
[ 
; . 
' 
., 
. . 
•. 
~:-,· 
. 
. 
. . • 
. . . 
O'\ . 
. .s:-
·--·· .. ,:-,- - -
·. . \ . 
• • -1..· -
' . 
' __ -. - . - : . - ~ 
' . - . 
-
_. . 
. - ~-
t 
. . 
Inventory 
Lots 
a • (T 
Wafers 
(T . 
Investment 
(T 
,;.: 
... 
Average Inventory 
Position 
. ,.Through-Put ·Time:(nr.s ..• J 
(1 
AVAILABLE-LABOR 
LEVEL-LOAD 
97 
.-63: 
::30 •. 11 
$26:1,200 
2,040 
2:40 
.:2 .. 6 .. 
.. ... 
LABOR CONFIGURATJ:ON · . 
85% LABOR 90% LABOR UTILIZATION UTILIZATION 
99 
39.05 
$=a12 ,48o 
1,690 
14.1. 
:-.~ 33· 
. 
iJ 2 ... 4 .. ·7.··.· _.1:;\ 
.-.~-
~,.oe·· 
It 143 
52.96 
$·:376 ,940 
2,410 
127 
• 36 
3.4·~r · . 
78% LABOR 
UTILIZATION 
95 
40 ... :45. 
$256,520 
2,310 
141 
.28 
·2.34 
.26 
INVENTORY AND· ,THROUGH~PUT :TI·ME STATISTICS· FOR. :LABOR DISPOSITION EXPERIMENTATION .- - . .. . .. . . . . -·-' .· .. ·. "' -- . .. . . : . ; . . . . -. , . . . 
·~ . 
) 
:•-· 
• 
:.. .-
-- --
-_ .- ·, ·- ·-- - -. -
. :_'._ .:··:. ~;-.\: .. ~~:~:\.~~_,-_:::,_~~-~.?.;,:~-~-: -· ". 
. . . I - - . 
-: 
•. 
' -
.,. -~ ~ ' . 
·. _r 
. - - - . . 
. . 
- ~-- . . . - .. ; ··. 
- .• l . . -
- ... :.-
• ·: • 0 C ; 
- -,.__ ~:. ;{.~ - ,_ - . ;·_ 
-- - -. :·, 
' -'· ' . - ·-, : . 
.. ~ . _:_· 
,,.,~ 
. ·;- -
' - ·. ; 
. -
.. ·. :_ ·-·. 0\. _-. '.,"·' . 
. . '11 - - : 
. ··-
·::..· .. -
· ' , · I , . I _ 
' 
Inventory 
Lots 
tT 
· Wafers 
(1' 
Investment· 
Aver_age Invep1;pry 
Position 
' (1' ' 
. · 
1iihroug1:;t-Put Time (1µ-s ... ) 
. (1 
:.r· 
70% LABOR 
\l UTILIZATION 
92 
22.2 
:$252 ,150 
l,290 
._34: 
' . 
LABOR CONFIGURATION 
60% LABOR 
_ UTILIZATION 
91 
.1.8 
4,562 
15.94 
$250,700 
:990 
:14·3: .. 
:•· __ 3:4 
22-2· 
TRANSFER 8 
E:tvil?LOYEES 
97 
.17 
4,849 
20 .• 58 
$266,000 
l,030 
143· 
-:.10 
.58 
INVEN'IORY- AND THROUGH-PUT TIME: S.TATIST!CS.: FOR -LABOR- :·DISPOSITION EXPERIMENTATION ~. - ·. :. - . . .. ·- . . - . - -· . . . . . ' - . - . . . . . . . .. .. . . ·; . ' . . . . . -. - . . . . . 
·T'a.ble B~2 
. . . 
. 
· ...... 
. 
I· 
' 
_r-
1,.'j, 
'·· 
• 
• 
. '. .. ·-
. -~ . 
--
. - ' •", '.__._ -
' ------::-- --;__· ---' . 
.. 
. .;-: -.': .. -
-··· 
. - ' . . 
... ~ . ·. ._. 
"': -~ -.- ·. 
LABOR CONFIGURATION AVAILABLE-LABOR 85% LABOR 90% LABOR 78% LABOR . i-cbirie .Utilization .(%}. ;Se·,ctio:f.1. LEVEL-LOAD UTILIZATION UTILIZATION UTILIZATION •: 
1, 34. 3 
-~. 32.6 
3 42. . 5 
.. 
:4 39. 6 
5 27.6 
Shop Ave.;ra.ge 35 • 3 
34. 3 
32. 7 
42.7· 
4d·~ o: 
2;8.:1 
35'.5: 
34. 4 
32 •. 5 
42.9: 
40.4 
2i8. 3: 
35.·.6. 
34.4 
32. 5 
44.8: 
39-.1 
~7· •. :9 
35;. :.8 
· ': .. : · · :Labor Ut-ilization ( % ) Se-ctt.on 
... 
. >·~ •. ,.•' .··.: .. .1 
;2 
a2. Cl 
':81 •.. ·4 
:8.4. •. ·6: 
. . ' 
e·.3 •. a 
·'9l- .. 5 
a9i·.2 
·88 .• 6 
77 •. a 
1a·.a 
:77· .. 6 
. . . 
:, ·•. 
3 
4 
·5· 
,' 
?. ::sh:op.: Ave.:ra·ge 
ao· •.. ;i 
ao.:4 
·81 •. _3: 
Bo.a .. 
·85-.i 
,'8:}+ •. 2;. 
83 .•. :9 
:84 .•.. :3. 
8.8.:3·, 
88.·2· 
.89. 2~ 
RESOURCE UTILIZATION. S'11.AT:t'S·TIC·S FOR· LABOR ·DISPOSITION EXPERIMENTATION· . ·. '.• .... - . . . . . . .... · . . . . . .. . . 
. . -. . . . . .. 
. . . . .' 
78 ... 1 
7·7.·7 
78.0 
i 
-· 
.,._ 
. ., 
.• 
. -· 
· .. ; 
. 
'· 
' 
.( 
• 
, . 
- ~-· ~ 
' . 
-°' . ~--' 
. ·...:i •. 
. . ~~ . -. 
. - ' .· 
-· . -'<: - . 
.. 
-. ' ... 
. . 
~: . ·: 
.: _.' ., :-·-
:~ _:-~ . - .-- : < .. 
. . 
. - .- .. - ,_ 
. - .. . - .. 
....... 
1.. 
' 
Machine Utilization(%) Section 
1 
•· 
2 
3 
4 
5 
Shop Aver:age 
·Lab.or Utilization (%) Section 
.1 
• 
~ 2· 
3· 
:4 
5. 
Shop Avery.ge· 
70% LABOR 
UTILIZATION 
34.4 
. i32. 8 
.4.:3-.4 
40 ... 3. 
28 .. 4. 
35.·. 7:: . 
70.6 
70. 4 
70.5 
71.9 
:~7;:1.1 
70:.:9 
i 
~ 
LABOR·coNFIGURATION 
60% LABOR 
UTILIZATION 
34. 4 
32.9 
42.8 
4o.o 
~-8.Q· 
35, •. _5 
6tt.9 
:60.:9 
\.. 
5.9.5 
:60.6 
60·.··7 
60· .•. 6: 
i 
.. 
' 
•· 
TRANSFER 8 
EMPLOYEES 
-~ 
34.2 
32~7 
. . 
·42 .. ·a: 
.4·o .. -c) 
.27:-9 
3:5 •. 4. 
79.·1 
80.6 
75.7 
89. 3 
85.9· 
82.:4 
RESOURCE UTILIZATIO.N STATISTICS FOR LAB.OR. DIS·POSIT.ION: .EXPERIMENTATION . . . . 
. . . r· 
Table B-4. 
I 
.... 
:k,: 
·1 . 
" .. 
.... ,._ 
. .. 
- .,.., .... -, ___ -- -~' 
' - ·. ·_ : ,-_ :_ .-
I 
I 
I · . 
'.:.,.:i _: •' 
,,,.,, i',l' ' .. 
I
; .' . 
.~:,''I ·, t 
l(i"",_. . :·i'~---' \ 
f ... 
P,' 
;' 
;<_., ,:·· 
·'. 
• 
.•. 
~ 
. . . . 
-~ I ; • .~ 
.• 
.. 
' 
. \ 
• 
.. AVAIL.ABLE-LABOR . LEVEL-LOAD 
SHIFr 
1 
2 ·I 
__ 3 
E.elat.ive: :Difference 
SHIFI' 
1 
2 
:3 
Rel4t:·ive Difference 
SHIFT 
1 
2. 
3 . 
: .. (' . ; 
.. 
I ' • , ' 
1 . 
-
1.5. 
1~4. 
·i.3 
+ :6· 
.. ·sECTION 
2 3 
- -
15 12 ·. 
'14 10.' 
13. 9· 
...;: l 
.. 
:85:%.. LAB():R ._ lJTILIZATION. 
1. 
:15'. 
1-4 
12· 
+ 5:: 
. '2 
·15 
14 
.. 
12· 
-· ·2 
SECTION 
3 
-
11 
io: 
9· 
--,12.: 
.9.01r LABOR UTILIZAT.IQN 
··- .. ' ... -
. . 
1 
-
,15 
·13: 
:io: 
,· 
2. 
15· 
12 
.. 
ll 
.. 5 
· S·ECTION 
3 
-
12 
. :9· 
8 
-~-1:3 
lJWOR. ·CONFIGURATIONS 
, Table B-5 
', 
·: 
· ·' e-a: .. 
•• •:•·, i • 
. , 
. ·_·4···, .. · .. 
. ·. 
20. 
:l:8: 
16·· 
+.5 
·.2··0,. . - . 
:_17 
1.5 
·+· ·-3, 
'.•·· 
5 
-
9 
9 
8. 
+ l 
·5: 
-
9 
9· 
·a: 
+ 1 .. 
~.I 
' • 'i 
.. t . 
.. 
4·· ...... ·- .. 
. . 5 .. 
-
.1;8· 
.17· 
15 
+.1. 
,M , ':, • I 
- •. ,• l 
,'', 
. > ' .. \ '.' .... 
. ,- .. 
' ' 
' ' 
.·~-
:·8 
.9· 
8 
. -~--
. . ' 
. ... . · ... ,:,_ ' ,• ' ' 
,. "I •I' . ',' ':' •', •,',' 
' : .. ' ,", ' ,· '. ,/ ·:·· ...... ;. ,/_' ~:1;· { , . 
'' ,,} ::. '.., -: '.:' ,,L i • • . 
.... - :, l ,.~: ;, i -~ .. 
I.,:;,' ' • 
. ' 
.__, ·. . 
. ,, 
•,,, ->, •• 
' ' 
', ' . I 
. . :i 
I' 
i 
) 
I 
l 
i 
l' 
' ;1 
I 
i 
,.. ' 
•. 
_,1._ 
'SHIFT 
.1 
2 
:3 
. ; 
- . 
Reiati.=ve· ·nf:ffe_:r~nce 
·SHI'FT 
l 
.. 
-2 
3 
Relative· Di'f:fe·renc·e: 
. ,. -~ .. 
SHIFT 
1 
2: 
'3 
. :ReJ~at·i·ve· :Di ffEttenee . . . ' 
. . . 
. . 
.·. . ~ .. 
•. 
. ' 
. ,to... 
·• 
78% LABOR UTILIZATION 
-1 
15 
15 
1Ji 
+· 8' 
. 1. 
17 
16· . . I • • • 
·16 
f13 
... 
.. 
+ 
2 
.1.5 
14 
14· 
.-. 
... 2: 
17 
16 
16 
·6· 
SECTION 
3 
12 
ll. 
9 
--10· 
SECTJO}f. . 
'3 . 
~
13 
-1~~t 
.. , ~-- _) 
12·· 
-· '5 
60% RELATIVE ·1JT,IL1ZATI0N 
SECTI.ON 
1 
20 
.19 
·.l'.8 
+21 . 
·, 
2 
:2 .. 0 
19 
l8 
+.14, 
\.. ·, 
Wable· B-6 
L I , \ 
,, 
. i'\ 
3 
-
15 
14 
-~(4· 
.L-
. --.. '. ·• 
+-·1 
r 
' !': 
.. 
'· 
20 
l9 
.16 ,~. 
+ .6· 
4 
-
21 
20 
2·0. 
·-+l.2: 
.· :4 ... 
25: 
-~a4 
23 
+23 
.... 
• 
' '! • • ' • : - ' :; ' • 
5 
10 
9 
:9.: 
+: :3.: 
1!. . 
5 
·-·~· 
::t.~i. 
. 
.10 
·:_lQ . 
.. 
f: 6'. 
.12 . 
::i~: 
12 
+11 
' I •,I' ' r j·_' \'\ •'., -~' ':,,•, '•.' 
. : - - - . . ·. · .. ·, ' . 
. ; . .· . ' >. . '- ,\' ' . ,j . : ' ~ 
'•, • ' I • • 
.. ' .··' '" 
. . . 
.... 
. ·:\.;'• ,;. 
•• ~t:l.pi'' 
>I" ' 
' ': ,': :t·,'.;t·:' ·. '.; ', 
' ' ,: ' 'I; • '·: • 
·.·6···.i.9· .  ·. 
'~ .~. :, I 
. , ' - \ 
e•. • 
I • 
.. -~,-.,;.: 
"\ 
·. ' ·-. 
r/ : . , ·. . . ·~ . . '.~ I • ": ~' :. ' ,' ':~ !, I .~ 
·. . 
. I 
.. 
r, 
' 
-~ -- - . 
I • I ' ,., 
• 
.• 
• 
. ·
.;.'' 
' . 
. ..,1·, 
. ;, 
,, 
- :-
•.. 
BIBLIOGRAPHY 
-
-1. Allen, M. , "The Effective Utilization of Labor under Conditions 
of Fluctuating Demand," Indust·rial Schedl)ling, Chapter 16 Prentice-Hall, 1963. 
•. 
2. Anderson, 0. R., "Transient and Steady State In-Process Inventory," 
~h.D. Thesis, Purdue University, 1968. 
3. · Barten, K. , "A Queueing Simulator for Determining Optimum Inventory Levels in a Sequential Process," Journal of IE, Vol. XIII, July-
.-August, 1962,, pp. 245~-252. 
:4... Buchan, J. and Koen_igsb~g, E., Scientific Inventory Management, Chapter 22, Prentice Hall, 1963. 
5.. Burke, P. J. , "The Output of a Queueing .System," Operations Re-
search, Vol. 4,· #6, December 1956, pp. ·699-704. 
6:_. Conway, R. W., Johnson, B~ M~ and Maxwell, W. L., "Some ~roolems, 
of Digital Systems S~mttl.at;i.on," Management Science, Vol. VI, 1959, pp. 92-110. 
7-, Conway, R. W., "Some Tacticai -Problems in Simulation Method," Memorandum Rm 3244-PR, October 1962, Rand Corporation, Sant.~ Monica, California. 
8·. Dzielinski , B. P. , Baker, C·. T··· and. Manne , A. S. , "S.:LmUl·ation Te$ts for· Lot Size Progra.mmi n:g;:,-.n Management Science, Vol •. ·9, #2, :19:61,. pp. 229-258 . 
. 9. ])zielinski, B. P. and Gomory, R. E. , , .. Optimal Progra.rnmi ng of Lot 
:sizes , Inventory, and Labor AJ..locat·:i ons," Management Sc.i:e:t1ce, Vol. 11, #9, July 1965, pp. 874-890. 
10.- Dzielinski, B. P. and Manne, A. S., "Simulation of a Hypothetical Multi-Item Production and Inventory· System;" JournaJ.. of IE, Vol. XII, #6, November-December 1961, pp. ~17-421 . 
·11. Elmaghraby, S. E. , The Design of Production Systems, Chapter 5; Reinhold Publishing Company, New York, 1966. 
:J.2. Finch, P. D. , "The Output Process o:r·· ~ Queueing System," Journal 
. of Royal Statis;tical Socie-ty, Vol. 21; Iss-ue B, 1959, pp. 375-380 •. 
·:t3·. Freeman, M. C. ,. "The Effects of. Breakdowns and, Interstage Storage 
on Production Line C1tpacity_," Journal of IE, Vol. 15, #4, July-August 1964,. pp •. 194-200. 
' ......... ": 
:r. . 
·::-/t!"-:ir.jl, 
.... ' 70 
'' .. 
.. / 
I 
..-.~.\, 
,' . 
: .... , .·' ". 
I'' 
+.. "''1 't 
l " 
• . 
• 
. .. 
'I" 
" l4 ., Gomersa.11, E. R·. , "The Backlog Syndrome," Harvard Business 
Review, Vol .• 42, September 1964, p:p. 105-115. 
-i?· Goode, H. P. and Saltzman, S., "Estima-{;;irig Inventory Limits in 
a Station Grouped Production Line," Journal of' IE, Vol. XIII, #6, November-December 1962, pp. 485-490. 
16. Harling, J., "Simulation Techniques in Operations Researcn--A Review," Operations Research, Vol. 6., #3, May-June 1958, 
.·pp. 307~319. 
. 
" 
17·. Hillie_r., F:_. and Boling, R., "Finit·e Qu~U~$ with Exponenti_al or Erl.ang Serv:i.ce Times," Ope:rat'ions· R~$-e-arch; Veil .• 15, #2, March-April 1967, pp. 286-303. 
f-.~ 
'1,8:. Hillie:r, F. and Lieberman, G. , J:ntroduction t.o Op~·r.atq..;qp,$,. Ee-
:s.earch, Chapter 10, Hold@. Pay, 1967. 
l-9.. ·Ho.lt, C. C. , Mo·diglion_i. F. , Muth, J. F. , Simdn.,.· H .• A-,. , Planning Production Inventorie$: ap.d _:Work Force,, Gb·a.:pter 10, ·Prentice Hall, 1960. 
., 
:20:. Hunt , G •· C. , ''Seque:trti.al kr"I"ay of l-laiting Line-s ,·" :.o.pe:r-ations 
·Res,ea:rch .~ ·Vol, •. ,4 ,. I)ec:en.ibe-:r~ .. :1956, pp. 674-6·83. . . 
2·1.. Jacks on, J. R. , ·'·' J obshop-like Queue:i:ng Sy.st.ems , '' ,Nanage_I11~nt: Science, Vol. :J_Q·, :#1.,- o·ct.ober .1963. 
. Ki tter, .R. A. , "In-ve·sti_gation of ·rn.-t·erstage· Buffering_ :ati.d: ·1t··s Effects,'' M.S. :Tlle:si:s,. Le:high University, 1967. 
2.3.. ;Koenigsburg, E., "Production Lines and Internal Storage ,·n Manage-
ment Science, Vol. 5, #4, July 1959, ·PP. 410-433. · ·· 
24. .._Ludwig, D. A., '-'Priority Dispatching in a Labor and J\18,,c:hine 
Lim.i ted. Pro_duction. Systel.Il," Unpublished M.S. Thesis:, Lehigh University, 1973. 
:25. Nelson, R. T. , "Labor Ass·ignm.e·nt as ~ Dyna.mic ·control Pro.bl·em·;·'~ Operations Research, vo·1 •. :xr\t, · u·3, .1966, pp. 369-376. 
26. -------,. "Labor_ and Mac~1ne Limited Production Syst~ms," Management Science, Vol •. ·13, ·#9, May 1967, pp. 648-671 •. 
. .• 
Newhart, D. D., "A Study·of. Priority .. Dispatching ·in an Integr~ted Circuit Shop~" Unpublished M-,:S •. Thesis, Lehigh University, 1972~ 
,,. 
' ' 
. . . ' 
.•. 
-, .. ,..,,.·. 71 : .. f •. ' ,l 
/" I • •I 10 i l, ,.·· .. 
r i' •:. ' ,,•.•(,' ,P .' 
r ·! ' ' '.. ,' • ', ·.,,.' 
. . ' . >· . 
.  
.. . ' 'l' ·, •· ...... '/> . 
. ' ' ,·•.I ,• . 
. . '. 
" 
I ,.'. •• .~:• 
. "') ·' 
r: , :,.. .. \ .... 
-'., ·-.· :. 
I ' , ·, 
.. 
.. 
•. 
,' 
. -r· "· 
\ 
.. 
,·~· 
BIBLIOGRAPHY (cont·ld.) 
28. Parsons, J. A., "Multiproduct Lot Size Determinat_ion Wh.en Certain 
Restrictions are Active," ·Jourrial of IE, Vol. 17, July 1966, 
pp. 360-365. 
3Cl. 
32 •. 
Pennington, G., "Simple Formulas for Inventory Control," Manu-
facturing Industries, Vol. 13, #3, March 1927, pp. 199-203. 
" 
Pri tsker, A.. Alan B. , and Kiviat, .P. J. , Simti.lati on with GASP 
II, Prentice HaJ 1 , 1969. · 
-
Richman, E., ''Design o:r In-P-rocess Storage Faciii.ties," Journal 
of IE, Vol. 8, #1, January-iFebruary 1957. 
' 
Simpson> K. F. , "In-Process Inven~ries," Operations Research, 
Vol. 16, #6, November-December.1~58, pp. 863-873. 
·· :3:3_~.: VI·adziyevsky, A. P. , Avtomatil~~ i Telemekhanika, 13, 227, (1952 )., 
English Translation available DSIR, ~or1don, EµglJmd. See 
21 for condensed version of this pape.r. 
Young, H. H: •.. ,. '"Optimization ModeJ.q. for Pro·_·du.ct.i:00. ·Lin.es;,": J:ourn.a.l 
of IE, January J-967, pp. 70-'7·:8:. 
i 'I. 
; ~-
. . . , . 
. : ' .. 
72. 
; ''·;. •' . 
'·' 
•', -,. ',,··•/I'., 
','; • ~' I • 
. I 
.,,,, 
•. 
. \ 
• 
• 
; ~,, '. \j 
, t. •• ~ 
1 -••, 
,; :•·· 
·.• 
VITA 
- PERSONAL HISTORY: 
... -. ' 
Na.me; 
Birth Pl_~oe;, ,. 
Bi:r.tb· ~Date_.:-
·' 
Parents:: 
Wife: 
Children: 
.Ray c. Walborn, Jr. 
Urban, Pennsylvania 
' 
February 9, 1944 
· ·Ann Sue Walbo:rn 
Michelle .l:i~Ann. W_alb:orn 
INSTITUTIONS ATTENDED: 
~.. . -
1 -· .• 
• I 
' . 
Mahanoy Joi~t High_ S¢h_oc:>1_ 
Dalmatia, Pennsylvania -Gr:~c1,u~.-t~d. J.9:6l 
/ 
DeVry Technical In-st:t-tµte 
Chicago, _Illinois_ 
< 
-
Associate in Applted -:Sci_e_nc.e~ 
Elect·ric·al Engin..e~ri-ng, _Gr.a-duatecf J96-3-
Marquette Urtiver-sity-
Milwaukee, Wisconsin 
Bachelor of Scien:c~-
Electrical Engi11eer-i-ng 
Lep._:i.gh Univer:sity 
Bethlehe·m, Pennsylva.r1-ia 
-Candidate for Mas:ter of 
Science-Industrial 
:Eµgi:r1eering . 
.. t. 
...... 
'•, '1 I f ' 
.• 
1971-1973 
-. 
. .@ : 
. I\ 
' ' • .. · . 
" ·,, ,· ' 
I .,,~ ' ' ' " /', i' ',; ' ' • 
.. •, 
-· 
. ; ' ... ' 
,\ ",. : ~' . . . ,' • I ", , " ,; ·. 
•',' . 
;~ '., 
;, 
~ . - ,, 
,· . 
73 
", ',I' 
,, . ; .- . 
' ,- ( : '•.1,. ~ ' •I > 
"' '. ,, I ·" r 
• • • I ' • I ' • • • ~ . 
I • ,., 
. a 
·-
'' 
' ' ' ' 
• 
, . 
. -
··t 
.! 
-~r- l -
/'·' .. -, .· . ' 
• ,· ,·. ·1 
' 
/ 
' .··-~ ,_ ..... (,·,,\~.,,.;,;_ .... ,i,,"",.·,...,.,,.. • ~ 
. ' ,,:,··::,.', 
• 
• 
·'· ·, . 
.. 
VITA (cont'd.) 
PROFESSIONAL EXPERIENCE: 
• 
·. ', .. 
'·. "1 
Xerox Corporation 
Research and Development 
Assistant 
United;·.states Navy 
P_e.tty Officer-2nd Class 
Eadar and Autonavigational 
Control Technician 
Western Electric Company, Inc. 
:1964 
1964-1968 
Test Set Design: Engineer 1970-1971 
. ~: 
.. 
. r:-
... 
. - ( . ' 
.f .. 
,' 
) ' 
·.J '•' .' . 
.. 
.. '., .,'' 
. ' ~. '. ' 
. ' 
•.. 
. ~I 
. ... 
. jt .....• · -
. ) ' .. 
.. . r' ' 
, ' 
I "• • •, • j 
' •' -~ I , ' 1 • '' ,' 
' ! ' I ~ ", 
.• " ,.,.'"" , ' ·• 
•, ' • "• .- I 
-. ,.·· ''·i. 
• I r • ' ) :· ! 
. . 
. 
·, ,' .. 
. . ,, . :,,,··~~,-. 
'_ • ,,. 'L ' 
) ' ,,·· 
. '', .. · . 
. , ... ·. ,, ... -
,, 
~-
. ·. 
.• 
!~ ,;.. 
!: .-: 
' . 
. •· 
;. ' - r ' 
,, 
\ 
